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Recorps of the death rate from cancer of different organs at different ages 
have been accumulated in several countries for many years and much interest 
has been shown in the graphs of these data. If the logarithm of the death-rate 
for a given organ is plotted against the logarithm of the age at death the resulting 
graph is frequently a straight line. This observation has lead to three hypotheses 
regarding the mechanism of carcinogenesis in man. Fisher and Holloman (1951) 
postulate that at least seven cells must be rendered malignant, Nordling (1953) 
suggested that five to seven hits must occur on the same cell, and Armitage and 
Doll (1954) say that six hits must occur on one cell or its linear descendents to 
provoke a malignant tumour in man. 

Armitage and Doll (1954) draw attention to the departure from linearity of 
some of the curves and this departure can be well seen in their plots, particularly 
for breast, ovary, cervix and corpus uteri, bladder and prostate tumours. Further 
there are other types of tumour, such as testicular tumours and tumours in 
children (e.g. Ewings sarcoma), in which not only is there gross departure from 
linearity but the whole relationship is of the opposite order to those illustrated, 
in that the tumour incidence decreases with age. It is also interesting to note 
that with such diseases as diabetes, allergic disorders and pernicious anaemia, 
where modern treatment undoubtedly has prolonged the life span considerably, 
a straight line is obtained when the logarithm of the death-rate is plotted against 
the age at death. The actual plots of the data for these three diseases taken 
from the Registrar General’s figures for 1953 are shown in Fig. 1, 2 and 3. 

Even if we accept the linear relationship for part of the plot of certain tumour 
sites there is still the difficulty of the extreme improbability of the simultaneous 
or consecutive occurrence of several very localised hits to be overcome. It seems, 
therefore, reasonable to doubt whether the linear relationship between the 
logarithm of the death-rate from cancer and the logarithm of the age does, in 
fact, indicate a multiple-hit mechanism, and to see how far a single-hit hypothesis 
would fit the observed data. 

The single hit hypothesis has been discussed and found to fit adequately the 
data for experimentally-induced tumours in mice and rabbits (Iversen and 
Arley 1950, 1952). This close fit of the single-hit hypothesis with experimental 
data adds an important practical issue to the theoretical implications involved 
between a single and a multiple-hit mechanism. If the multiple-hit mechanism is 
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valid for cancer in man and a one-hit mechanism is valid for experimentally 
induced tumours, then no inferences could be made from experimental results to 
“spontaneous” tumours in man. It seems, therefore, important to test the 
fit of the one-hit theory to the age distribution data of human cancer. 

The single or quantum-hit theory assumes that each cell or cell nucleus 
capable of developing cancer possesses a sensitive area, or cancer control centre. 
This centre is considered to be a giant molecule, or a group of identical closely 
packed molecules, whose nature and occurrence in space and time is determined 
by the genotype of the given tissue and organism. 
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When the cancer control centre is excited by a molecule of a carcinogenic 
agent or by a quantum of electro-magnetic radiation it is assumed that the cancer 
control centre makes the whole cell alter its functioning level discontinuously 
and brings it to another stable state. That is, that the total metabolic activities 
of the cell undergo a discontinuous change to a state characteristic for the given 
morphological type of tumour. 

This theory has been found to describe quantitatively the experimental data 
for tumours induced by hydrocarbons (Iversen and Arley, 1950; Engelbreth- 
Holm and Iversen, 1951) by viruses (Iversen and Arley, 1952) and by ultraviolet 
light (Arley and Iversen, 1953). 

Just as the assumption of the existance of a discrete and finite number of 
stable states of gene molecules gives a discrete and finite number of possible 
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alleles of a single gene, so also the assumption of the existance of a cancer control 
centre with a finite number of stable states leads to the following consequences : 

1. A given tissue can yield only a discrete and finite number of histologically 
different types of tumours. 

2. As the stationary states of the control centre are independent of the quality 
of the exciting agent, histologically identical tumours will occur in a given tissue, 
independent of the means by which the tumours have been induced. 

3. Only cancer control centres possessing the right initial state, i.e., only cells 
possessing the right initial functioning level for a given carcinogen, can respond 
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to that carcinogen. In other words, it is virtually impossible to predict the 
carcinogenicity of an agent without knowing the past history and present state 
of the tissue in question. 

“4. The induction time of a tumour, that is the time interval between the 
moment of application of the carcinogen and the moment when the tumour is 
visibly or palpably detectable, consists of two independent time intervals. First 
an excitation time, which is the time interval between the moment of application 
and the moment in which the excitation (‘hit’) takes place. The length of 
this time interval is mainly determined by the quality of the applied agent as 
the excitation process in itself is presumably of short duration. Secondly a 
subsequent growth time, which is the time interval from the moment of excitation 
till the moment when the tumour is detectable. The length of this time interval 


7 
re) 
e 
y 
d 

| 

Male Female 


578 8S. IVERSEN 


is solely determined by the position of the functioning level to which the cell has 
been brought. 

The incidence of a given type of tumour, N*/N,, (N* being the number of 
individuals with tumour, NV, the total number of individuals in a given age group) 
is then proportionate to the number of molecules of the exciting agent, D, as 
well as to the number or the total volume of cancer control centres, V. As 
the number of excitations to tumour level (“ hits ”’) is small compared with the 
number of exciting molecules and with the number of cells (= cancer control 
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centres), and as the excitation of a given cancer control centre is a completely 
random phenomenon, independent of similar excitations of other cancer control 
centres, it means that the incidence of a given type of tumour is distributed 
according to Poisson’s distribution. . 

Accordingly the probability for at least n hits is 1 minus the sum of probabilities 
for 0, 1, 2 ... m — 1 hits, or in symbols : 


"=1 (CVD) 


n—1 


where C is a proportionality factor and V and D as described above. As the rela- 
tive frequency, N*/N,, might be taken as being equal to the probability, the 
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incidence of tumours of a given organ will be given by the following expression : 


i=0 a! 


This expression is of general validity and holds good whether the mechanism is a 
one- or multiple-hit, or whether the effect is indirect or direct. 
In case of a one-hit mechanism, i.e., m = 1, Equation (1) reduces to 


N*/N, ‘ ‘ (2) 
log, (1 — N*/N,) = — CVD (3) 


So by plotting — log, (1 — N*/N,) against the concentration (D) we will 
in case of n > 1 obtain curves which start as parabolas for small values of D, 
while in the case n = 1 we obtain a straight line going through the point 0, 0 
having the slope CV. (Timoféef-Ressovsky and Zimmer, 1947). In other words, 
in the case of a one-hit mechanism — log, (1 — N*/N,), varies in a one-to-one 
relationship with the product of the concentration of the carcinogen and the 
total volume of cancer control centres, and consequently — log, (1 — N*/N4) 
will, in the case of constant concentration of the carcinogen, vary in a one-to-one 
relationship with the total volume of cancer control centres. 

In order to try to obtain a quantitative expression for the occurrence in time 
and space of the number of sensitive cells (V) some generalisations about normal 
growth are necessary : 

1. As the average, or typical, man reaches a certain mature weight and 
height, and as the total mass of human being is the sum of the masses of the 
different components (skeleton, muscles, viscera, etc.,), and as the cell size of 
one component in a human being does not deviate significantly from the cell 
size of the same component in another human being, it seems justified to assume : 
that the total number of cell generations of the different components of a human 
being is a finite number and an inherited characteristic. 

This is in reality only a slight variation of Fankhauser’s (1952) statement 
that “it appears as if the total mass of living material that is produced during 
development, were fixed by the genetic constitution of the species ”’. 

2. Since the average or typical life span of a human being is of a certain 
length which is characteristic for the species it seems justified to assume that 
the length of the time interval between two consecutive cell generations is an 
inherited characteristic and dependent upon the number of previous cell genera- 
tions. 

The very fact that relatively simple mathematical expressions have been 
found to describe quantitatively most known forms of growth supports the 
probable validity of these assumptions. 

3. The third assumption is that the cancer control centre of a cell is only 
“ hitable ”’, i.e., susceptible to quantum change, during a certain small fraction 
of the time interval between two consecutive cell generations. The justification 
of this assumption is substantiated by experimental data, e.g., Cowdry (1941), 
Kraemer (1945) and Revell (1952). This assumption implies that the occurrence 
in time and space of the cancer control centres in cell generation is an inherited 
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characteristic. As thus the occurrence in time and space of the centres in one 
cell generation is dependent upon the occurrence of similar centres in the previous 
generation, we will expect the occurrence of centres in a cell population of a given 
organ to follow the same growth curve as does the given organ. 

If these assumptions are admitted then the occurrence of a cancer control 
centre in a cell is an integral part of normal cell life, and the normal undisturbed 
growth of the extremely complicated system in man proceeds in time and space 
in an orderly and calculable way. 

In most published analyses of the incidence of tumours in man the concen- 
tration of the carcinogen has been considered as the variable and the human 
material as being constant. But we have, in fact, little knowledge of either the 
quantitative or qualitative nature of carcinogens, but we do know of the regular 
occurrence in time of polyploid and multinuclear cells in many tissues (Helweg- 
Larsen, 1952), so that the human population cannot really be considered as either 
qualitatively or quantitatively homogeneous in time. 

In this analysis the external concentration of carcinogens will be considered 
as being constant and the human element, i.e., the number of sensitive cells in 
the population, as the variable. This means that it is assumed that the average 
sum of risks of being exposed to a carcinogenic stimulus—whether physical or 
chemical—is, on the average, constant at any age for all human beings leading a 
“normal ” average life in a given community. This assumption is in agreement 
with Aird, Bentall and Roberts’ (1953) findings of significantly more cancer of 
the stomach amongst patients belonging to blood group A than patients of blood 
group O. As it is hardly possible that people of blood group A in Newcastle, 
Leeds, Manchester or Liverpool are exposed to external carcinogenic stimuli 
which qualitatively or quantitatively differ from those to which people of blood 
group O living in the same localities are exposed, these findings seem to indicate 
a genetically controlled inhomogeneity of the human element, or, in other words, 
seem to indicate that the occurrence in time and space of the number of sensitive 
cells (V) is actually—as assumed above—genetically controlled. We reach, then, 
the following very schematically drawn “ picture”: let us for example take 
the stomach and let us stipulate that from the, say, 17th cell generation and 
onwards the length of the intermitotic interval is such that the “ hitable ” period 
of the cancer control centre is of no longer negligible length for the fixed concen- 
tration of the carcinogenic agent. A certain fraction of these cancer control 
centres will then be hit and we will consequently observe a corresponding number 
of tumours. The time at which the 17th cell generation is reached is determined 
by the genotype of the species. If in people of blood group A this 17th cell 
generation on the average is reached a little earlier and the rate with which this 
cell generation and the following are reached is a little higher than in species of 
another genotype, say people of blood group O, then we would find per time 
unit more tumours in the A-group than in the O-group. 

When the concentration of the carcinogen is constant Equation (3) reduces 
to 

log, (1— N*/N.)=—C’V . ‘ (4) 


where C’ is a constant. Or in other words, the logarithm of 1 minus the incidence 
varies proportionately to the total volume or total number of sensitive cells. 
According to the assumptions made the number of sensitive cells in the total 
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population at the time of registration follows a sigmoid time course as given, 
for example, by the logistic growth equation : 


(5) 


Consequently we have 
log, (1 — N*/No) = 


When, however, the fraction N*/N, has a very small numerical value (i.e., 
N*/N y<<1)—as indeed is the case for the death rate of tumours in a given 
organ within a given age group—we have log, (1 — N*/N,) = — N*/N, and 
thus 


N*|Ny~V . . (7) 


So by plotting N*/N,, or V, against time as in Fig. 4 we obtain sigmoid curves, 
the steepness of which is determined by the value of k. When, however, we 
plot logarithm V—or logarithm N*/N,—against logarithm 7' as in Fig. 5, we 
obtain curves which for a smaller or greater part may be considered as being 
curvi-linear. The course of these curves has a striking resemblance to the curves 
in Armitage and Doll’s (1954) paper. The slopes of the straight line portions of 
the curves in Fig. 5 are 6; 4-5; and 3, while the numerical values of k (from 
(6)) are 2; 1-5; and 0-5 respectively. 

This seems to show that the slope of the linear portion of the curve in a loglog 
plot of N*/N, against 7’ is not an indicator of the number of necessary hits and 
does not of necessity indicate a multiple hit mechanism, but it does show that 
a one-hit mechanism in connection with a normally occurring growth pheno- 
menon is just as—or more—feasible. The latter hypothesis has the further 
advantage of being more easily accessible to experimental testing. 

The cases where a group of people has been exposed to a qualitative and 
quantitative unusual carcinogenic stimulus, as, for example, the chimney-sweep 
boys, and workers in certain chemical factories, are best illustrated by some 
results from experimental data : 

When the carcinogenic hydrocarbon is applied once to the skin of mice we 
will, after a certain time interval, observe the appearance of some tumours and 
after another time interval we will observe yet another crop of tumours. Ob- 
viously the time interval in which the hydrocarbon can provoke tumours directly 
is determined by the elimination time of the hydrocarbon, which for mice skin 
and for human beings (Engelbreth-Holm and Iversen, 1951; Iversen, 1947) 
is on the average about 10 days. At the apparent induction time is the sum 
of an excitation time and a subsequent growth time, which latter for skin tumours 
in mice has been found to be on the average about 21 days, it follows that the 
length of the time interval for directly hydrocarbon-provoked skin tumours in 
mice is on the average approximately 31 days from the moment of application, 
and yet without any further treatment another crop of tumours appears later. 
This finding can be explained in the following way : The effect of the hydrocarbon 
is—apart from the relatively rare event of exciting some (sensitive) cells to the 
tumour level—not the formation of a few, scattered, dormant, latent tumour 
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Fic. 4.—The logistic curve. Ordinate: Total volume of sensitive cells. Abscisse: Time. 
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Fic. 5.—The logistic curve plotted logarithmically. Ordinate: Logarithm of 
total volume of sensitive cells. Abscisse: Logarithm time. 2 


a 582 8. IVERSEN 

4 

4 af/b 

we 

Y 

4 

4 

a 

Ts is 

| 


583 


HUMAN CANCER AND AGE 


cells, but the excitation of a great number of cells to another and possibly more 
labile state. The number of these cells is a direct function of the concentration 
of the initial hydrocarbon, but the growth in time of these labile cells, some of 
which by any subsequent energy transformation—chemical, mechanical, or 
physical—can be excited to tumour level, follows the growth characteristic for 
the given organ, i.e., follows the normal logistic growth equation. There is 
actually morphological evidence for the sudden transformation of a great number 
of cells not to tumour cells but to cells definitely different from the original cells. 
Thus Kraemer (1945) found that the mean nuclear diameter of the cells of a 
hydrocarbon-treated area of the skin of mice increased approximately 30 per cent 
during the first 10 days of treatment, but thereafter no further increase in nuclear 
diameter was found. When we thus find a tumour in an animal exposed 10 
months earlier to a carcinogenic stimulus it is a question whether we shall reckon 
the induction time from the moment when the descendant of the hydrocarbon- 
treated sensitive cell was exposed to the unknown carcinogenic stimulus. The 
first method of estimating the length of the induction period in tumours in man 
results in induction periods of the order of magnitude of years. Obviously the 
second method of estimating the induction period is not possible in practice. 
If, however, we know the growth time for the given type of tumour—as is the 
case of skin tumours in mice—we can state, that the “hit ”’ took place in the 
skin of the mouse 3 weeks before the appearance of the tumour. The growth 
time of human tumours is unknown, in spite of the fact that the growth rate of 
a tumour is proportionate to its proliferation rate, which latter criterion is used 
as a classification characteristic in pathology. But as practically all growth in 
its early phase is exponential it follows that the growth time for a malignant 
human tumour is hardly of the order of 10-15 years, it is more likely to be of the 
order of months. A growth time of the order of months tallies with the cases 
where persons who previously have not been exposed beyond the average popula- 
tion suffers a momentary trauma (blow, fall, etc.) and then some months later 
observes a “‘ swelling ”, which by examination turns out to be a cancerous growth. 
It would thus seem of great practical interest to determine the growth time of a 
given type of tumour, which according to the one-hit theory is a characteristic 
of the given type of tumour. Unfortunately no data for human tumours elucidat- 
ing this point is available. We might get some indication of the growth time 
and certainly some evidence of the assumed occurrence in time of different types 
of sensitive cells if the mortality rates of a given type of tumour in a given organ 
were registered. Unfortunately the present form of registration only gives 
information about the mortality rates of the combined occurrence of different 
types of tumours in a given organ, and does not allow for the possibility that 
human beings are not morphologically homogeneous in time. 


SUMMARY 


Using the published data on cancer mortality it is shown that the assumption 
of a single-hit mechanism occurring in relation to normal growth rates gives an 
adequate interpretation of the curves. It is shown that the one-hit hypothesis 
is as feasible as and more probable than a multiple-hit hypothesis. 

Some of the consequences of a one-hit hypothesis are discussed, particularly 
in relationship to the induction time of tumours in man. 
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In view of the great shortage of drinking-water in the Netherlands, as a 
result of the increased consumption per inhabitant, large schemes have been pro- 
jected for the future to introduce river water as the primary source of water 
supply. Possible biochemical effects of certain mineral constituents present in 
drinking-water could be considerable if a special type of water were consumed 
for a number of years. 

Whereas the biological effect of iodine, and a number of other chemical 
elements, on the health condition of the human body is generally agreed upon, the 
possible effect of drinking-water on the development of cancer is unknown and 
therefore the effect of the new water projects on the health of a great part of the 
nation seems to be uncertain. 

Recent experiments with mice in the U.S.A. suggest that there are carci- 
nogenic properties of certain carbon adsorbates in various sources of water supply, 
depending upon the type of industrial wastes released into the water. 

Studies by Stocks (1947), formerly Chief Medical Statistician of the General 
Register Office in London, indicate a ‘peculiar distribution of cancer in Greater 
London which could not be explained by differences in age groups, social condi- 
tions, number of hours of sunshine, etc. Stocks (1947) noticed that the four 
London boroughs supplied largely by well-water had lower cancer mortalities 
than most of the boroughs supplied by river water. Although the observed 
correlation does not prove the existence of a real causative connection, it certainly 
supports the necessity of a closer study of the water-cancer problem. 


Statistical Water-cancer Analysis in the Netherlands. 


The reasons given above prompted Dr. J. C. Diehl (formerly Surgeon-General 
of the Netherlands Army) and the author to study for the Netherlands the pos- 
sible relationship between-the physico-chemical properties of drinking-water and 
cancer mortality. The studies were carried out independently since the authors 
became acquainted only in 1952. Yet their general conclusions were in agree- 
ment. These drinking-water studies were part of a more extensive study by 
Diehl (since 1935) and the author (since 1946) on the geographical and geological 
distribution of cancer in the Netherlands, the results of which have been recently 
published (Diehl and Tromp, 1954). 


Ss. W. TROMP 


a. Methods Applied. 


In the previous studies by the author all municipalities in the Netherlands 
(about 1,000) were classified according to the various soil units on which the prin- 
cipal part of the municipalities was located. The principal soil type for each 
municipality was determined through the kind intermediary of the Agricultural 
Soil Survey Institute at Wageningen. Altogether 62 soil units were used in our 
classification which could be grouped into larger units. For the municipalities 
located on the same soil unit the average amount (in milligrams per litre) of certain 
chemical compounds present in the drinking-water consumed by those municipa- 
lities was calculated. For these initial studies only the compounds CaO, SiO2, 
MgO and Mn were used. The result of these analyses are published on p. 72 and 
in Annex No. 2 of the publication by Diehl and Tromp (1954). 

The average chemical composition of drinking-water for a particular soil unit 
could be influenced considerably by a few extreme figures, either very high or 
very low quantities of a certain compound present in the drinking-water of one or 
two municipalities only. This complicates considerably the cancer-water analysis. 
In view of this difficulty not the average composition but the number and percen- 
tage of ‘‘ plus ” municipalities was determined in the present analysis, i.e. for each 
soil unit the percentaye of municipalities connected with a water system (located 
on that particular soil unit), with a chemical composition of drinking-water 
above the average for the country, was calculated in respect to the total number 
of municipalities connected with a water system located on that soil unit. It 
should be noted that, as indicated in Table I, the total number of municipalities 
located on a soil unit is usually larger than the number of municipalities connected 
with a water system. For the purpose of this investigation the average amount 
of MgO, CaO, Mn and SiO, in the drinking-water of all municipalities with water 
systems was first determined by adding the amounts of MgO (CaO, MnO and SiO, 
respectively) in milligrams per litre water in the various municipalities and by 
dividing this total amount by the number of municipalities. The fact that in 
some of the “ plus” municipalities the MgO content is very high above the 
average explains the peculiar distribution on each side of the “ average ”’ as in the 
case of MgO (29 per cent “ plus ” against 71 per cent “ minus ” on a total of 522 
municipalities). 

The next step was to determine for each soil unit the number of municipalities 
with drinking-water containing those four compounds in amounts exceeding the 
average for the country as a whole (this was done for each compound separately) 
and to recalculate these numbers into percentages. 

For our comparison between drinking-water analysis and average cancer 
mortality in municipalities located on the various soil units the average yearly 
cancer death-rate per 100,000 inhabitants was purposely not used, but the percen- 
tage of “plus” cancer municipalities (i.e. municipalities with cancer death rates 
above the average for the country) per soil unit was determined. For soil units 
with large population groups (over 100,000) the average cancer death-rate runs 
parallel to the percentage of “ plus” municipalities. However, in small popula- 
tion groups considerable deviations may occur because the statistical results are 
not trustworthy. 

In Table I, 27 principal soil units with large population groups, which can be 
united into 4 very large groups (peat soils, seaclay soils, sandy soils and river clay 
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soils), are compiled. For each soil unit the following data are given: the total 
number of municipalities located on the soil unit, the number of municipalities 
with trustworthy chemical data on drinking-water, total population living in the 
municipalities located on each soil unit, the average age of these population groups 
(indicated as percentage of the population above the age of 65),* the average cancer 
mortality expressed as percentage of “ plus” cancer mortalities during the first 
four decades since 1900 and the percentage of “plus” MgO, CaO, Mn and SiO, 
municipalities. 

For the four main soil groups (peat soils, seaclay soils, sandy soils and river clay 
soils) the percentage of “ plus” MgO, CaO, Mn and SiO, municipalities amongst 
the “ plus ” cancer municipalities of a soil unit was also determined. 


B. Sources of Information. 


All chemical analyses were based on the data published in the Statistisch 
Overzicht der waterleidingen in Nederland over de jaren 1946 en 1947, pp. 88-109 
(transl. : Statistical summary of the water systems in the Netherlands in 1946 
and 1947). Only, those municipalities were taken into account of which more 
than 50 per cent of the houses were connected with the main water systems. 
Municipalities in which the quantities and types of water received from various 
water systems vary considerably, and where conditions are not sufficiently known, 
were omitted from our statistics. For municipalities receiving water from more 
than one pumping station the average chemical composition of all stations together 
was used. 

The author fully realizes that all these conditions influence unfavourably the 
final conclusions in our statistical analysis. Still, for the time being, lacking 
better data, the presert analysis was considered the only way in which to study the 
problem of the possible influence of the chemical composition of potable water on 
cancer frequency. 


c. Causes of Error. 


Despite the vast number of chemical analyses of ground water and drinking- 
water carried out in the Netherlands during the last 50 years, we must realize that 
all our statistical data can only give approximate information on the possible 
cancer-drinking water relationship. 

Several problems arise when the calculations described above are made : 

(1) The number of houses connected with a water system increased consider- 
ably during the period 1900-1940, the increase being different for different parts of 
the country. In the provinces of Groningen and Zeeland, for example, the 
number of water connections between 1939 and 1947 increased by more than 30 
per cent, in Gelderland and Overijseel only by 10 and 12 per cent, respectively. 

(2) The number of water supply stations and the type of water used has 
changed considerably since 1900. 

(3) The same water supply station usually supplies water to a number of 
municipalities. However, neither the number of these municipalities nor the 

* It has been suggested that the differences in average cancer mortality are only due to differences 


in age-group structure. However, it could be demonstrated that this age-group factor could not 
explain the differences in cancer mortality in the Netherlands. 


| 


588 8S. W. TROMP 


quantities of water supplied are constant for different years or even periods of 
the same year. Apart from this difficulty, some municipalities are supplied by a 
number of supply stations with different types of water. 

(4) Some of the water analyses, which belong to water systems using water 
produced by locally drilled wells, may give an indication of the chemical composi- 
tion of the deep groundwater in that area ; however in general these relations are 
considerably more complicated. 

(5) The chemical composition of groundwater influences the composition of 
drinking-water for cows and other animals producing food (cheese, milk, etc.) 
for men, but also the chemical composition of vegetables, grass and other plants 
growing on the surface soil and receiving its moisture from shallow groundwater 
by capillary action. As those plants are consumed by men and animals the changes 
in groundwater could also be reflected in men and animals. Unfortunately 
it is not possible yet to study this problem of the chemical composition of shallow 
groundwater. However, we hope to be able to make those studies in the future if 
sufficient funds can be obtained to organize a field team as described in Chapter 
VI (Diehl and Tromp, 1954). 


p. Summary of Statistical Results of Drinking-water Analysis. 


Diehl (Diehl and Tromp, 1954) on pp. 43-47 discussed for the period 1900-1930 
the statistical relationships between cancer mortality and the existence or absence 
of water systems, between sources of supply (dune, heath, well or river water) and 
cancer mortality and the possible effect of certain chemical compounds in drinking- 


water on cancer mortality. His conclusions can be summarized as follows : 

(1) In municipalities with a water system since 1915 the cancer death-rate 
was found to be lower (and for “ plus ” cancer municipalities considerably lower) 
than in municipalities without. 

(2) The cancer death-rate and percentage of “plus” municipalities rises 
with increasing SiO, content, whereas for manganese and natron the relation is 
reversed. It has been stressed by Diehl and the present author that these rela- 
tionships may be apparent ones and that not the SiO, itself but some other trace 
element, which increases or decreases with increasing or decreasing SiO, content, 
might be responsible for the observed relationship. 

(3) Highest cancer death rates and percentage of “ plus ” municipalities are 
found amongst municipalities supplied by river water, followed by well water, 
dune water and heath water (lowest values). 


E. Statistical Studies 


Previous studies were compiled by Tromp (Diehl and Tromp, 1954) on pp. 
69-74. The method used at present, the results of which are compiled in Table I, 
permit us to extend our previous observations. Our principal results can be 
summarized as follows : 


(1) Influence of SiO,. 
(a) If soil units are classified into “ plus” and “ minus ” soils, depending on 
their average cancer mortality being above or below the average cancer mortality 
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for the country as a whole, it is found that the average SiO, content of drinking- 
water from all “ plus” soil water systems is 21-4 mg./L. water, against 15-8 mg./L. 
for all “‘ minus ” soils. 

(6) If the various soil units are classified from high to low according to 
their average cancer death-rates during the period 1920-1940 and a curve is 
drawn for the percentages of “ plus ” SiO, municipalities on the same soil units, 
it is striking that despite some local irregularities the SiO, curve on the whole 
declines from high to low parallel to the cancer curve. The average SiO, percen- 
tage of all “plus” cancer soils is 70 per cent; of all “minus” cancer soils, 36 
per cent. 

(c) In the 4 main soil groups, peat soils, seaclay soils, sandy soils, river clay 
soils, the percentage of “‘ plus” SiO, municipalities decreases from 67 through 66, 
51 to 20. The average cancer death-rates and percentages of “ plus” cancer 
municipalities decreases similarly (Table I). The same is true for the percentage 
of “ plus ” SiO, municipalities on “ plus ” cancer municipalities. 

(d) It is interesting that whereas the peat soils as a whole are characterized 
by high cancer death-rates, high percentages of “ plus” cancer municipalities 
and high percentages of “ plus” SiO, municipalities, the wood-peat soils have 
strikingly low cancer mortality figures, but also a very low percentage of “ plus ” 
SiO, municipalities. 

(e) Amongst the seaclay soils the heavy clays have the higher cancer frequen- 
cies than the light ones, the difference between light and heavy being based on 
the observation that in the light clays less than 35-40 per cent of the particles less 
than 16 my ‘tisappear if the clay is washed with water, in heavy clays the percent- 
age is more than 35-40 per cent. 

Non-calcareous seaclays have higher average cancer frequencies than the cal- 
careous ones. The same is true for the river clays. The same relationship seems 
to hold for the percentage of “ plus ’” SiO, municipalities which is highest in the 
unit with the highest average cancer mortality. 

(f) The sandy soils decrease in average cancer mortality from very moist to 
dry sandy soils. The same holds for the SiO, relationship. 

(g) In the case of cover sands, however, an inverse relationship occurs, i.e. 
from very moist to loamy cover sands cancer death-rate and percentage of “ plus ” 
municipalities on the whole decrease, whereas the SiO, content increases. The dune 
sands with very high SiO, content also seem to be in disagreement with the rules 
above. On the other hand, this latter effect may be compensated by the abnor- 
mally high CaO content ; CaO seems to have a counteracting effect (see below). 

These discrepancies may be partly due to reasons mentioned in Section c 
(Causes of error) or to differences in the mode of occurrence of SiO,. Certain 
colloidal phases of SiO, may hamper the absorption by organic substances, similar 
to the effect of organic substances in soil which make the absorption of copper in 
plants very difficult and may cause even a copper deficiency in diets of people 
living in such areas. 

Despite the above-mentioned discrepancies, the large number of statistically 
significant correlations between SiO, content of drinking-water and carcinoma 
frequency seems to warrant a further study of this problem. The relationship may 
be a direct one, but it is also conceivable that other conditions or the presence of 
certain mineral constituents related to the SiO, content of water are the actual 
causes of the observed activating effect of SiO, on cancer development. 
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(2) Influence of MgO. 

The study of the possible effect of MgO was stimulated by the previous studies 
of Robinet (1930, 1934), Delbet (1934), Favier (1951) and others in France and 
by Schrumpf-Peirron (1931, 1932) in Egypt-which seem to indicate that areas with 
soils rich in magnesium are characterized by low cancer frequencies and vice versa. 
Experimental studies by Delbet and by Marullaz (1930) and diet and soil analyses 
in Egypt by Schrumpf-Pierron seem to support the magnesium hypothesis of 
Robinet. It seems worthwhile to test in the Netherlands the possible counter- 
acting effect of MgO. We do not know whether the MgO content of drinking- 
water reflects accurately the MgO content of the soil and shallow groundwater 
used by animals and plants consumed by the population, but a drinking-water 
analysis may still show some interesting features. 


A study of Table I reveals the following : 


(a) The peat and seaclay soils with high cancer frequencies have relatively 
low MgO percentages (20 per cent), about one-third of the river clay values (59 
per cent). 

(6) The peat soils, on the whole have very low MgO percentages (< 10 per 
cent) and the average of 20 per cent is only due to the very high percentage for 
the wood-peat soils. Similar to the SiO, relationship the wood-peat soils with 
very low cancer frequencies should have high MgO percentages (according to 
Robinet’s theory) and low SiO, percentages. This checks perfectly. 

(c) The seaclay soils with the highest average cancer mortality (the sticky-, older 
heavy on peat-, older light- and young heavy seaclays) have the lowest MgO 
percentages (0-18 per cent) ; those with lower cancer mortalities have relatively 
higher MgO percentages (20-25 per cent). The heavy and light seaclays, with 
respectively higher and lower cancer frequencies (higher and lower SiO, per- 
centages), have respectively lower (11 per cent) and higher (23 per cent) MgO 
percentages. 

No differences between the MgO percentages of calcareous and non-calcareous 
seaclay soils were observed. In the case of river clays the calcareous river clays 
with lower cancer frequencies than the non-calcareous river clays have higher 
MgO percentages (55 against 37 per cent). 

(d) If all soil units are classified from high to low according to the average 
cancer death-rate during the period 1920-1940, despite several irregularities, the 
MgO percentage curve rises, on the whole, with declining cancer curve. The 
correspondence is less pronounced than in the case of the SiO, curve, but is still 
very evident. The average value of the “ plus” MgO percentages of all “ plus ” 
soils (see above) is 18 per cent, of all “ minus” soils 39 per cent. This again 
would support the theory of Robinet. 

(e) Of the 7 sandy soil units with statistically significant population groups 
(i.e. > 100,000) 3 soil units have MgO percentages > 30 per cent (higher than any 
of the peat and seaclay soil units) and 2 units have percentages of 20 and higher. 
Three very low values (beach sands, dry sandy soils, and very moist cover sands) 
occur, of which the beach sands and very moist cover sands with relatively high 
cancer frequencies are in agreement with the MgO theory. Only the dry sandy 
soils seem to be in disagreement. It is striking, however, that Si02 (having an 
apparently activating effect) has a low percentage in this soil unit. 

(f) The river clay soils (on peat soils) with the lowest average percentage of 
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“plus” cancer municipalities belong to the soil unit with one of the highest 
plus MgO percentages. 

Summarizing, the conclusion is warranted that our analysis seems to support 
the theory of Robinet indicating a counteracting relationship between MgO and 
cancer development. Whether this is a real causative connection or only an 
apparent relationship because certain counteracting conditions or other mineral 
constituents are closely related to the MgO content, is difficult to say at present. 


(3) Influence of Mn. . 

Most of the statistical results discussed under “ Influence of MgO” also 
apply to manganese. A counteracting effect of manganese on cancer develop- 
ment, similar to MgO was noticed. The average value of the “ plus ” percentages 
of all “ plus ”’ soils is 19 per cent, of ali “‘ minus ” soils, 25 per cent. River clay 
soils have considerably higher Mn percentages than peat and seaclay soils. 

The relationship between cancer frequency and Mn content seems to be less 
regular than with SiO, and MgO. 

Studies by Medigreceanu (1913) seem to suggest that the manganese content 
of mice and rat tumours is very low, generally less than 0-010 mg./100 g. fresh 
tumour tissue (fluctuating between 0-004 and 0-012 mg.). In normal tissue of 
mouse mammae it is about 0-02 mg., in kidney 0-063—0-238, in liver 0-265-0-416 
mg./100 g. fresh tissue. 


(4) Influence of CaO. 
A study of the CaO relationship was considered to be of interest for two main 
reasons : 
(a) Relationship between calcareous soil and cancer. 
(1) Studies by Haviland (1888, 1891, 1892) and others in England around 
1900 indicate that the lowest cancer frequencies occur in limestone areas. 
(2) In Bavaria similar relationships seem to occur. However, the studies 
by Diehl and the author have not been sufficiently completed to warrant a 
very definite statement. 
(3) In the calcareous loess area of Limburg very low cancer frequencies 
are found (Diehl and Tromp, 1954, p. 58). 
(4) Calcareous seaclay soils have lower average cancer frequencies than 
non-calcareous seaclay ones. The same holds for river clay soils (Diehl 
and Tromp, 1954, p. 64). 


(b) Relationship between calcium content of cells and tumour growth. 

According to Lansing (1947, 1948, 1949) cancer cells are characterized by a 
markedly low calcium content, which would increase the electric conductivity, 
permeability and water content of malignant tumour cells; this would decrease 
their adhesiveness and increase their invasiveness. 

In view of these observations a further study of the possible effect of differ- 
ences in CaO content of drinking-water on cancer development was considered of 
interest. 

(a) For the three principal non-marine, sedimentary soil groups (peat clay 
soils, sandy soils and river clay soils) it is true that the CaO content increases on 
the whole with decreasing cancer death-rate : Peat soils 17, sandy soils 33, river clay 


soils 44 mg. 
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(6) Of the peat soils only the wood-peat soils with low cancer frequencies 
have high percentages of CaO. This causes the relatively high average value of 
the peat soils (17 instead of < 10). 

(c) The seaclay soils have high CaO values, which seems to be in disagree- 
ment with the assumption that CaO has a retarding effect. On the other hand, 
we have seen that the seaclay soils have very high SiO, percentages, and SiO, 
seems to have a rather pronounced activating influence (see above). In this con- 
nection it should be noted that, differences in phytine (inositol-hexaphosphate) 
and phytase-enzyme content of vegetable food (particularly in various types of 
corn) may affect considerably the amount of calcium and magnesium absorbed by 
the organic cells. Phytine has a counteracting effect on calcium resorption. 


CONCLUSION. 


The previous summary of our statistical analyses seems to support the studies 
by Diehl. A number of relationships were found between chemical composition 
of drinking water and cancer frequency. This relationship may be a true causa- 
tive connection or only an apparent one. Still the results seem to warrant 
further studies of this problem, particularly in view of the important changes in 
the future in the principal sources of supply of drinking-water in the Netherlands. 
Studies should consist of the following : 

(1) Further statistical studies should be made in the Netherlands and abroad 
on the statistical relationship between chemical compounds in drinking-water 
and the cancer frequencies for the separate cancer localizations. In our studies 
cancer mortality as a whole was considered. It is conceivable that the relation- 
ships found by Diehl and the author apply only to certain localizations of cancer 
and not to all types of cancer. 

(2) The possible carcinogenic effect of water filter adsorbates in different 
parts of the country, as a function of the source of water supply, should be studied 
experimentally with mice. 

(3) The various kinds of organic compounds dissolved in water from rivers 
passing large centres, such as the Rhine, should be studied as to their possible 
carcinogenic effect. 
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REVISED METHOD OF COMPARISON. 
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Anglesey. 
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IN a previous communication, cancer deaths in Anglesey during the ten-year 
period 1943-1952 were examined with respect to the nature of the soil on which 
stood the house recorded on the death certificate as the ordinary residence of the 
deceased person (Davies and Wynne Griffith, 1954). It was shown that, relative 
to the generality of cancer, cancer of the stomach and cancer of the breast appeared 
to be associated with certain groups of soil series. The effect of social class on this 
association was also considered. 

The investigation suffered from the drawback that the comparisons were 
made between cancer of one body site and cancer as a whole and left uncertain 
whether or not cancer generally is associated in any way with any particular soil 
group. Until that is known, no inferences can be drawn as to the reasons for the 
relationship between soil and location of cancer in the stomach or breast. 

It is not practicable to relate the mortality from cancer of any particular site 
to the population at risk on the different soil groups, since the patchwork of soils 
in the county bears no relationship to administrative areas for which data relating 
to the age, sex, and social class of the inhabitants might be available. Further, 
the results of any sampling procedure applied to the present population of the 
county might not indicate the population at risk of ten years ago. For these 
reasons a sampling methéd was adopted which assumed that deaths from all 
causes other than cancer in an administrative area would be distributed relative 
to soil group in the same way as the population of corresponding sex, age and 
occupation (i.e. that the specific non-cancer death-rates do not vary with soil 
group.) 

The distribution of the population as thus deduced from the sample is then 
compared with that of the deaths from cancer of the stomach and from cancer of 
the breast. 


METHOD OF SAMPLING. 


For all deaths of persons normally resident in the county, the place of residence, 
age, sex, occupation, cause and date of death is known. From this “ universe ” 
an attempt was made to select a death from some cause other than cancer which 
matched a death from cancer of the stomach or of the breast with respect to age, 
sex, month of death and social class, thus eliminating the possible disturbing effect 
of these variables. The appropriate grouping of the soil on which stood the normal 
residence of the deceased was then obtained in the way described in the previous 
paper (Davies and Wynne Griffith, 1954). The rules adopted in drawing the 
“control” sample were : 
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Age.—No attempt was made to match deaths from cancer of the stomach or of 
the breast occurring under the age of 45 years. (Out of the original 318 deaths 
from cancer of the stomach, 9 were eliminated for this reason: four out of 91 
female deaths from cancer of the breast were similarly discarded). From the age 
of 45 upwards a control death was accepted if in the same quinquennial age-range 
as the cancer death. The ranges used were: 45-49, 50-54, 55-59, 60-64, 65-69, 
70-74, 75-79, 80-84, and 85 and upwards. 

In choosing between two controls equally well matched in other respects, the 
more exact correspondence in age between cancer death and control was the 
deciding factor. 

County district.—There is no a priori reason to think that the soil groupings 
used in these investigations are equally common in the various county districts 
and a sampling procedure that failed to recognise this source of possible bias 
would be unsound. Every cancer death was therefore matched only against a 
control normally resident in the same county district. 

Month of death—A control was sought among deaths occurring in the same 
month as the cancer death. This rule was followed in order to avoid any possible 
bias arising from seasonal influences on mortality. Where a control could not be 
found in the same month, one was sought in the following month and failing 
which in the month preceding the cancer death. 

Social classification.—Two main social groups were distinguished in the previous 
paper (Davies and Wynne Griffith, 1954)—a group consisting of the agricultural 
community (‘‘L”’) and the remainder (Not “L’’). A control death was accepted 
only if in the same social group in this sense as the cancer death. 

Within the social group, a control was chosen whenever possible from the same 
social class (using the Registrar-General’s classification) as the cancer death. 

When this procedure was followed it was found that some bias in social 
classification remained when the deaths from cancer of the stomach were com- 
pared with their controls. In two-thirds of the pairs there was an exact match for 
social class (Registrar-General’s classification), but in the remainder there were 
more pairs where the control was of a higher social class than its cancer death, 
than pairs where the control was of a lower social class. A random method of 
eliminating the excess of the former kind of pair was adopted to leave the same 
number of pairs of each kind. 

With cancer of the breast the difficulty did not arise as there was an equal 
number of the two kinds of pair in the sample as drawn. 


COMPOSITION OF SAMPLES. 


The original 318 cancer of the stomach deaths and 91 (female) cancer of the 
breast deaths were reduced to 238 and 79 respectively as the result of eliminations 
on the score of age (under 45) or of inability to find a suitable control or of discards 
in order to eliminate the social class bias. 

In the case of cancer of the stomach the discarded deaths amount to 25 per 
cent of the original total. In Table I the deaths retained in the analysis are com- 
pared with those discarded with respect to sex, social group and soil group. It will 
bs recognized that no perceptible bias can be demonstrated for any of these 

actors. 
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TaBLE I.—Cancer of the Stomach. 
Probability 
(n = 1). 
0-1> P> 0-05 


0-2>P>0-1 


(n = 2) 
0-5> P>0-3 


SOIL GROUPINGS. 


Cards were made out for the control sample drawn as described above and the 
procedure for allocating to soil group was then applied as in the previous investi- 
gation (Davies and Wynne Griffith, 1954). The control sample was, therefore, 
fully defined before any soil classification was attempted. 


RESULTS. 


In Table II the soil group of the cancer deaths and the control deaths are 
compared for the two cancer sites. There is a marked excess of deaths from 


cancer of the stomach associated with the # soil group as compared with control 
deaths. In calculating the values of chi-squared, the numbers in the control 
sample have been taken as being the distribution to be expected in the absence of 
an association between cancer and soil. 


TaBLE II.—Cancer and Control Samples Compared with Respect to Soil Group. 


a B Y 

Cancer of stomach : 
Cancer. 90 122 ‘ 26 
Control . ‘ 133 82 23 


x? = 33-80 (n=2) p> 0-001 
a 
Cancer of breast : 


Cancer . 48 23 8 
Control 47 28 4 


In the case of cancer of the breast the expected number in the y cell is small 
and x has not therefore been calculated. The comparison in this case, suggested 
by the findings previously reported, is between the a soil group and the remainder, 
and when 4? is then calculated it is found to be equal to 0-053, giving a value for 
P (one degree of freedom) equal to between 0-9 and 0-8. 

In Table III the deaths from cancer of the stomach are compared with 
expectation separately for the two main social groups and indicating the position 
foreach sex. Here again the expected numbers in the y cells were small (being less 
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than 5 in two out of six comparisons) so the comparisons are set out as between 
the f soil on the one hand and the a and y soils combined on the other. 

The difference between the # soil and the @ plus y soils is definite in the non- 
agricultural social group and is shown by both sexes. Such marked differences 


are not found among the “ L ” social group. 


TaBLE IIi.—Cancer of the Stomach—Social Group and Soil Group—Sexes Con- 
sidered Separately. 
Probability 
a+ y. x* = 1). 
Males. 
Social Group “L” : 


39 
. P> 0-001 


Social Group “L” : 
Social Group “Not L” : 
Can 


0-02> P> 0-01 


Social Group “L”’ : 


Social Group “Not L” : 
Can “ 


78 
112 . 31-33 . P> 0-001 


In Table IV is shown a similar comparison for deaths from cancer of the 
breast, but distinguishing between the « soil, on the one hand, and the f plus y 
soils, on the other. No significant difference appears. 


TaBLE IV.—Cancer of the Breast—Female Deaths Only. 


Probability 
a. B . 8, = 5 
Social Group “L” : +? x = 1) 
Cancer . > 5 5 
Control . 6 i} Not calculated 
Social Group “Not L” : 
Cancer . 43 ’ 26 


A stratified sample of deaths from causes other than cancer has been drawn 
from the records of mortality for Anglesey residents during the years 1943-1952. 
This a “age with the deaths from cancer of the stomach or from 
cancer of the in the county during the same period with respect to , Sex, 
county district, month of death and social group. 


Group | : 
Females. 
‘ ‘ | | 49 : 
Both sexes. 
89 
Contro ‘ ° 55 ‘ 
SUMMARY. | 
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Of the total deaths from cancer of the stomach 75 per cent and of deaths from 
cancer of the breast 87 per cent were satisfactorily matched with a control. 

Comparisons of the cancer samples with the control samples supported the 
following conclusion drawn in our previous report. 

There is an association between death from cancer of the stomach and 
residence on a particular soil group, but this association is marked only for persons 
who do not follow agricultural occupations. 

An association between death from cancer of the breast and another soil group 
which had been previously noted was not confirmed in this investigation. 


Once again we wish to express our indebtedness to Dr. Percy Stocks for 
valuable advice. 


REFERENCE. 
Daviess, R. I. anp Wynne Grirritu, G.—(1954) Brit. J. Cancer, 8, 56. 
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THE GEOGRAPHICAL DISTRIBUTION OF HISTOLOGICAL SUB- 
GROUPS OF PRIMARY EPITHELIAL LUNG TUMOURS IN 
NORWAY. 


L. KREYBERG. 


From the Institutt for Generell og Eksperimentell Patologi, Universitetet i Oslo. 
Received for publication October 26, 1954. 


Norway makes an especially suitable ground for etiological lung cancer 
studies, because the population is very homogeneous, the social conditions are 
varied, and the population is rather stable and small enough to permit a high 
degree of follow-up. Additionally, the newly established cancer register (“‘ Kreft- 
registeret ’’) gives a very important help in all sorts of final controls. 

This is the background for the following study of geographical factors in lung 
cancer in Norway, part of a larger research programme. 


MATERIAL. 


The number of cases of lung cancer in Norway, all types included, is to-day 
approximately 150 males and 75 females yearly. Some tumours develop and the 
patients die without a histological diagnosis. In other cases the tumour may be 
histologically confirmed, but the information desired for the present study is not 
available. For these reasons a restricted number only of all the cases can be used. 
To obtain, however, as large a material as possible, the writer has established 
contact with the main institutions outside the Rikshospital, where lung cancer 
is diagnosed and treated. 

At the Rikshospital in Oslo, a University clinic, the greatest number of all 
cases from the whole country outside Oslo are received for final diagnosis and 
treatment. Some are initially histologically diagnosed at the Hospital’s own 
laboratories, others have their biopsies taken in other laboratories and the patients 
are eventually sent to the Rikshospital. In most of these cases it has been possible 
to obtain slides of the tumours and the desired information as well. 

Ulleval, or Oslo City Hospitals, care for the patients from Oslo City and receive 
a considerable number of lung cancer patients. The chief surgeon at Kir. avd. III, 
Professor C. Semb, as well as the chief pathologist, Prosector E. Hval, have 
generously given me all the material available, for which I am very grateful. 
Likewise sincere thanks are due to Dr. B. O. Wegener at the surgical department 
of Ulleval for his personal help with completing the Ullev4l questionaires. 

From Professor E. Waaler in Bergen and Prosector N. V. Swensson in 
Trondhjeim I have received valuable assistance, and likewise from numerous other 
hospital doctors and private physicians. 

From these sources, mainly during the years 1952, 1953 and 1954, a total 
number of 235 cases of primary epithelial lung tumours have been collected, with 
histological typing and a completed set of questionnaires. All the final typing 
has been done by the present writer according to the criteria set forth in the 
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paper of 1952 (Kreyberg, 1952). The completed questionnaires give information 
as to domicile and occupation from decade to decade, as well as an outline of the 
patients’ tobacco habits. 

Out of the 235 cases, 202 were males and 33 females, giving a sex ratio of 
6-1: 1. This is a considerably higher ratio than that expressed by our mortality 
statistics. In a previous paper Kreyberg (1952), in similar material, observed the 
same deviation from the general mortality statistics, but not as marked, the ratio 
being approximately 4:1. The reason for these deviations from the general 
mortality statistics is most probably that the older age groups, with a greater 
number of female lung cancer patients, have a higher proportional representation 
in the latter than in a clinical, to a great extent surgical, material. 

The histological typing with the ensuing sub-grouping of the primary epithelial 
lung tumours have, in our previous papers, been shown to represent a very fruitful 
method. If the present material, which includes 8 cases from our Series I, 131 
cases from Series II and 96 cases from a new Series III, is arranged according to 
histological type and sex, we find the results as shown in Table I. 


TaBLE I.—Sex Distribution of the Histological Groups of Lung Tumours. 
Males. Females 
1 


Squamous cell carcinoma 118 
Group I< Large cell carcinoma é 10 >172 
Small cell carcinoma 44 


1 
4 
Adenocarcinoma’. ‘ ° 10 1 
Group II< Bronchiolar cell carcinoma 5> 4 }29 
Adenoma, salivary gland tumour... 15 
Total 


The origin of the cases examined is as follows: 


The Rikshospital (Oslo) 
Oslo City Hospitals. 
Bergen and Trondheim Hospitals 


Total . 


The site of the two main hospitals, in the heart of the industrial Norway, as 
well as the great preponderance of Group I tumours, may suggest that the material 
is more or less selected and not representative for the lung cancer situation in our 
country. Admittedly, the Oslo City Hospitals (Ulleval) nearly exclusively serves 
the population living and/or working in the Capital. The Rikshospital, on the 
other hand, is a true central hospital for difficult cases for the whole country, 
and its biposy service covers, through provincial hospitals and private surgeons, 
approximately one-third of the population. 

In Table II the occurrence of the different histological groups has been listed, 
according to the fylke (county) which the patient gave as his, or her, home address. 

Before analysing the very marked features of Table II, it may be of importance 
to stress the following facts. Most of the patients enter the hospitals under the 
diagnosis ‘‘tumor pulmonis”, “ infiltratio pulmonis”, or similar designations. 
In the special hospitals the final diagnosis is made, partly by biopsy, partly on 
the basis of the histological examination of surgical specimens, and in some cases 
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GEOGRAPHICAL DISTRIBUTION OF LUNG TUMOURS 


TaBLE I1.—IJncidence of Group I and Group II Tumours in Various Districts. 


Group I tumours. Group IT tumours. 
Domicile county A r 
(Fylke). M. F. Total. M. F. Total. Population. 
Oslo* 61 2 63 1 5 286,222 
Ostfold 13 13 3 3 178,449 
Akershus* . . ‘ 8 -= 8 + 3 7 301,149 
Hedmark . 3 1 4 3 3 169,525 
Opland 1 1 2 2 4 154,734 
Buskerud . ‘ 7 7 2 2 4 149,948 
Vestfold . ll ll 3 1 4 147,555 
Telemark . ll ll 2 2 131,679 
Aust-Agder ‘ ‘ 1 = 1 1 2 3 74,861 
Vest-Agder ° 8 _— 8 _ 3 3 93,980 
Rogaland . 8 _ 8 1 _ 1 202,252 
Hordaland . 2 _— 2 1 — 1 188,389 
Mére-Romsdal . ‘ 8 oo 8 2 1 3 182,859 
8. Tréndelag (including 
Trondheim) . 7 7 2 1 3 193,912 

Nordland 6 _— 6 . — 4 4 215,972 
Troms 3 3 0 0 113,722 
Finnmark + — 4 ‘ 1 3 4 58,790 
Sea-fari 2 — .2 1 1 
Unknown 3 _— 3 . 1 1 2 _ 

172 4 176 30 29 59 


* Part of greater Oslo, including important industry, was formerly situated in Akershus fylke 
and the figures on population presented in this table refer to conditions before the inclusion of these 
areas in Oslo of to-day. 


not before an autopsy has been performed. There is no intended initial selection 
of surgically favourable histological types from the remote parts of the country. 
Actually, for patients from the remote parts of the country the histological 
typing is very rarely done before the patient has entered the larger hospital for 
treatment. If a selection has taken place, this may have been decided by the 
general physical state and the age of the patient. Admittedly, some of the Group 
II tumours (especially the benign adenomas) may afflict younger persons and 
present a longer case-history, and thereby cause a certain selection, but others, 
like the bronchiolar cell carcinomas and the adenocarcinomas do not differ 
essentially in their clinical development from the Group I tumours. 

If now Table II is examined, it may be permissible to conclude that Group I 
and Group II tumours differ considerably and systematically in their pattern of 
occurrence throughout the country. Considering the small number, it seems that 
the occurrence of the Group II tumours are of the same order of magnitude over 
the whole country. The number of cases in Oslo, the main centre of diagnostic 
facilities, is proportionately not higher than in the other counties, and the counties 
in the extreme north are well represented. The figures seem to confirm our pre- 
vious conclusion that this group of tumours is caused by factors of a general 
nature, at least factors striking males and females living under the most different 
social conditions, with equal force (Kreyberg, 1954a). They should represent an 
important part of what Clemmesen, Nielsen and Jensen (1953) call “ unavoidable ”’ 
cancers and Lickint (1953) calls ‘die gen-gebundenen Formen”’ (the gene- 
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determined types). Their uniform appearance in the present material greatly 
strengthen our view that the material really is representative for all Norway. 

Turning to the Group I tumours, a very different picture is found. Oslo has 
a prominent position, with a very high number of Group I tumours. Next in 
order of frequency come Ostfold, Vestfold and Telemark, counties which are 
characterized by a considerable accumulation of industrial towns, and centres 
with urbanized living but without the administrative status of towns. 

Some of the other counties are more difficult to analyse, because of the 
small figures and the rather mixed social conditions, but it is worth noting that 
the lowest figures for Group I tumours are found in the counties with the 
highest representation of agriculture, forestry and fisheries, (Hedmark, Opland, 
Aust-Agder), in spite of the fact that some of these counties, like Opland and 
Hedmark, have excellent hospitals and are in easy communication with Oslo. 
The low total figures for both histological groups from Bergen and the surrounding 
counties point to a lagging co-operation from that part of the country, as, accord- 
ing to the clinical figures of Myhre (1953), lung cancer actually is occurring in an 
appreciable number. The counties of the extreme north show higher figures for 
Group I tumours than Hedmark and Opland, in spite of the marked longer 
distance to the diagnostic centres. 

In order to elucidate this question further, the patients have been classified 
according to the type of community, where they had their life and work, in one 
of the following groups: (i) as living in the country ; (ii) in rural or non-industrial 
towns ; (iii) in smaller industrial towns, as well as in industrial centres without the 
status of town ; or (iv) in larger towns, the latter comprising Oslo, Bergen and 
Trondheim. 

The separation of industrial centres with no status of towns from rural districts, 
where they administratively belong in our official statistics, is logical in this 
respect, because life in such places is urbanized and the air is more or less polluted 
as well, sometimes to a degree sufficient to cause severe damage to plant life 
in the vicinity. Among such places may be mentioned Sauda, Odda, Ardal, etc. 

In Table III the data for these primary localisations of the patients are given. 
In the table, ratios for Group I : Group II tumours, and males : females are in- 
serted, not only for the primary geographical localisations, but also for combina- 
tions of such. The combinations have been directed at (1) the elucidation of 
the relative influence of a domicile in areas with “clean air” versus areas with 
“air polluted by smoke and fumes from industry”, and (2) the lung cancer 
occurrence in areas with strictly “ rural mode of life ” on one hand (countryside) 
——— to areas with a more, or less, marked “‘ urban mode of life ” on the other. 

his latter group comprises larger and smaller towns plus industrial centres 
without the status of towns. 

It is evident, that a strict distinction between towns with “ clean air” and 
towns with “ polluted air’ is impossible, and that the classification is based 
upon a personal judgment, which can easily be questioned. Likewise, the separa- 
tion of Bergen and Trondheim as larger towns may be disputed. For this reason, 
the figures for Oslo, the only really large town in Norway, have been given 
separately. 

There is, however, one feature, which indicates that the differences reported 
upon are real, namely the ratios Group I tumours : Group II tumours, as well as 
the ratios males : females, because these ratios are based upon comparable figures. 
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GEOGRAPHICAL DISTRIBUTION OF LUNG TUMOURS 


Tasie IIl.—Distribution of Group I and Group II Lung Tumours 
in Urban and Rural Areas. 


Group I, 


(i) Countryside 
(ii) Non-industrial towns 
(iii) Industrial towns and centres 
(iv) Larger towns (Oslo, a 
Trondheim) ‘ 
Varied. Unknown 
Areas with “clean air’ 
(No. (i) and (ii)) . 
Areas with “ polluted air” 
(No. (iii) and (iv)) . 
Areas with “rural life” 
(No. (i)) 
Areas with “ urban life ” 
(No. (ii), (iii) and (iv)) . 
Smaller towns <a and 
(iii) 
Oslo 


Sea 


8 
+ 


Finally, sailors have been treated as a separate group for two reasons. Firstly, 
they do not belong to any of the other classes of domicile. This explains some 
differences in the figures for Oslo, for instance, in Tables II and III. Secondly, 
they have no female partners living under similar circumstances. 

With these reservations the following conclusions have been drawn: 

The findings in Table III strengthen our previous assumption from Table IT 
that the different occurrence of Group I and Group IT tumours is systematic. 

In strictly rural districts the ratio between the two groups of tumours, as 
well as between the two sexes mirror the situation for the whole country, and even 
for Oslo, a few decades ago (Jackobsen, 1953 ; Christiansen, 1953). 

The larger towns, with Oslo definitely leading, show the most marked devia- 
tions, with a very strong rise in the Group I tumours. 

An analysis of the figures for the smaller towns and industrial centres shows 
that all urban areas take part in the development, and these results are in complete 
conformity with the findings from other countries. 

An interesting point is that the smaller non-industrial towns, with “ clean 
air ’’, and often situated in rural surroundings show a development in line with 
the capital and the other towns, not lagging behind the other smaller towns. 

These findings indicate that the new carcinogenic situation is closely linked 
to the urban mode of life, and that smoke and fumes from industry is not the 
essential factor of that part of urban life which is responsible for the increase in 
lung cancer in Norway. 


SUMMARY AND CONCLUSIONS. 


The new carcinogenic situation established in Norway approximately at the 
time of the first world war, and manifesting itself in the middle of the nineteen- 
forties by a marked rise in Group I tumours in males (Kreyberg, 19546), has in 
the present paper been analysed as to its local geographic distribution. 
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a Group II. Ratio. 

F. Total. M. F. Total. 1:0. M.:F 

1 . 18 1 2 . O9:1 22:1 
1 399. 4 & 9 . 48:1 70:1 

2 70 . 2 5&5 7 . 10-0:1 10-:0:1 

2 6 . 17 2 37 3-521 
2 90 7 8 95:1 

2 1 . 18 16 2 . 22:1 

126 3 1299 . 18 2 . 54:1 

| 5 . 22:1 10-0:1 
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On the basis of 235 cases from the whole country it has been shown that the 
new development is not yet perceptible in true rural districts, which still show the 
same distribution of the different histological types and the same sex ratio as 
presented by the country total and also by Oslo a few decades ago. 

The new development is, on the other hand, definitely established in all types 
of urban settlements. Oslo shows a leading position, with the smaller towns 
slightly behind, including industrial centres with no formal standing as towns. 
Smaller non-industrial towns, many in rural surroundings, do not show lower 
figures than other small towns. These findings lead to the conclusion that the 
new carcinogenic situation is closely linked to the urban ode of life, and that 
smoke and fumes from industry are not an essential factor of that part of urban 
life which is responsible for the increase in lung cancer in Norway. 

The present study has been aided by a generous grant from ‘“ Tobaksfabri- 
kernes Landsforening av 1901”. 

I wish to express my sincere thanks to Dr. Knut Westlund for valuable advice 


during the preparation of this paper. 
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THERE is increasing evidence to show that the greater number of lung cancer 
cases registered has a two-fold cause. Firstly, there is an increase as a result of 
better diagnostic facilities, more cases are discovered. This increase is approxi- 
mately of the same order for the two sexes. Secondly, a greater number of cases, 
especially in males, are actually developing to-day than a few decades ago. This 
rise in the lung tumour frequency in males is mainly, if not exclusively, caused by 
squamous cell, large cell and small cell carcinomas (Group I tumours, Kreyberg, 
1954a, 1954b). Further, it seems to be generally agreed that this group of tumours 
are exponents of one or more carcinogenic factors, and the conclusion from the 
collected data is that a new carcinogenic situation has been created in large parts 
of the world, essentially in this century, a situation which nearly exclusively hits 
the male. The etiologic factor(s) is (are) to be sought in the male’s working condi- 
tions and/or his mode of life. 

The assumption that the new carcinogenic situation consists in a general air 
pollution has been advocated, or accepted, by many students of the problem, 
mainly because of the considerably lower lung cancer frequency in rural districts, 
as compared to urban. This assumption meets, however, a serious objection, 
namely, that females, breathing the same polluted air, have not yet shown anything 
like the increase apparent in males. 

In a recent paper the author (Kreyberg, 1954c) has produced figures from 
Norway indicating exactly the same difference between rural and urban districts, 
as seen in other countries. In addition he has shown that, in the smaller towns 
with “clean air,” situated in rural districts, or in coastal areas with lively change of 
air, the lung cancer development closely follows the urban pattern, and that these 
small towns do not lag behind in the present development when compared to 
smaller industrial towns and centres with a more or less pollution of the air by 
smokes and fumes from industry. It was concluded that “the new carcinogenic 
situation is closely linked to the urban mode of life, and that smoke and fumes 
from industry are not an essential factor of that part of urban life which is respon- 
sible for the increase in lung cancer in Norway.” 

If a general air pollution is not of great importance, it may be nevertheless, that 
local dusts, smoke and fumes, to which many males especially are exposed in their 
work, are a causative factor. Also this assumption has been extensively discussed 
in the literature. 

Kennaway and Kennaway (1947) examined the occurrence of lung cancer in 
63 different occupations and trades for two periods, 1921-32 and 1933-38 and the 
reader is referred to this detailed study. The main conclusions were that: (a) 
the agriculture and coal-mining industries show a low incidence ; (b) a group of 
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open-air occupations, where there is exposure to the dust of roads, has ratios 
above 100 for cancer of the lung . . . but the comparative incidence of cancer of 
the lung is not increasing distinctly in any of these occupations, and in the paviours, 
street masons, concretors and asphalters there has been a distinct fall in the ratio ; 
(c) the occupations in which there is a liability to silicosis do not show a high inci- 
dence of cancer of the lung ; but (d) cases of cancer of the lung have occurred in 
some occupations involving exposure to asbestos ; (e) no occupations involving 
exposure to any kind of dust, except those concerned with asbestos, arsenic and 
nickel ... have been found in which there might be an increased incidence of 
cancer of the lung; (f) workers exposed to coal-gas and tar tend to show an 
increased prevalence of cancer of the lung, but in the later period studied the 
incidence does not exceed two-and-a-half times that of the general population ; 
(g) no special occupations have been found, among the 63 examined, to which the 
increase in the total of cases of cancer of the lung can be attributed. This increase 
is now so great that the incidence upon any such occupations would have to be 
very high indeed; (h) no evidence has been found that tarring of roads has 
affected the incidence of cancer of the lung. Such data as are available suggest 
that coal-tar in the atmosphere, whether derived from roads, domestic chimneys 
or any other source, does not cause an exceptionally high incidence of cancer of 
the lung. Cotton mule-spinners show an especially small liability to cancer of the 
lung, although they inhale air sprayed with an oil which produces cancer of the 
skin. Much further work is required on the factors which regulate the penetration 
of particles and droplets of various shapes and sizes into the air passages. 

Doll (1953), likewise from Great Britain, found that ‘Industrial hazards of 
great variety are responsible for a proportion of cases, but, with the exception 
of the production of gas, the industries with a recognized risk employ few workers 
and the total number of cases resulting each year is small,” and further specifying 
the special risks mentions “‘ radon and benzpyrene, products associated with the 
refining of nickel and the manufacture of chromates and asbestos, and probably 
arsenic.” 

Hueper in U.S.A. has dealt with this problem in a series of papers. In a 
paper (Hueper, 1953) he gives his opinion as follows : “‘ Of distinctly greater sig- 
nificance, on the other hand, are the observations made in regard to the increased 
or decreased frequency of lung cancer among members of certain occupational 
groups, especially as these data reveal a definite degree of uniformity with which 
certain worker groups are cited for their excessive liability although the data are 
coming from different investigators and obtained from different material.” And 
further: ‘While the number of respiratory cancers which have been attributed 
to contact with these agents is relatively small, there is good reason to believe that 
the actual number of occupational respiratory cancers produced by an occupational 
exposure with them is considerably larger.” 

Lickint (1953) in a German monograph on the etiology and prophylaxis of lung 
cancer reviews the present knowledge on industrial factors and states that ‘‘ dusty 
work,” like street work, did not play any important role. Remarkable is, on the 
other hand, the great number afflicted by lung cancer among office workers, 
merchants and males in professional work (84 out of 224 male lung cancer cases), 
as well as artisans, not particularly exposed to dust (66 cases). 

In the following, an analysis will be made of the relationship between lung 
cancer and occupation, based upon a material of 235 cases comprising 8 cases 
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from our Series I, 131 cases from Series II and 96 cases from a new Series III, 
representing 202 males and 33 females. 

In each case the lung tumour was histologically determined and grouped 
according to principles previously described (Kreyberg, 1954a). In addition, the 
occupation of each patient was ascertained through a questionnaire, demanding 
information from decade to decade of adult life. 

In Table I a survey is given of the data collected, a rather detailed differentia- 
tion of occupations being used. The patients are registered according to sex and 
to the histological group (Group I comprising squamous cell, large cell and small 
cell carcinomas ; Group II comprising adenocarcinomas bronchiolar cell carcinomas, 
and adenomas and salivary gland tumours of the lung). 

In most cases the categorisation was simple, because the patients had followed 
a consistent line in their occupational development. In the cases, however, 
where the patient had changed occupation, an estimate was made of the individual 
situations, and the patient was listed under the more special occupation if such 
work had lasted for 10 years or more. If, for instance, a stoker of a ship had 
worked for 10 years or more as such and later went ashore and settled as a fisherman 
he would be listed as a stoker. If, on the other hand, a sailor went ashore, and 
had worked in a copper mine for 10 years or more he would be listed as a miner. 
Actually, doubts as to correct categorisation have been rare enough not to in- 
validate the general conclusions. This mode of approach was chosen in the hope 
of discovering, if any, marked accumulation of lung tumour cases in any special 
occupation. 

Table I again indicates the even distribution of Group II tumours in the popu- 
lation, with the largest figures in the occupations with the largest number of men. 
The Group I tumours show a more irregular distribution, most conspicuous by 
the low number in farmers. No special occupation is overwhelmingly represented, 
but it may be that workers in mechanical workshops, including solderers, welders 
and similar workers, are over-represented. The total number, however, is small 
and does not permit an analysis with any accuracy. It may also be noticed that 
civil engineers show a comparatively high number as compared to doctors and 
lawyers. 

In order to assess the lung cancer risks on a broader basis the different occupa- 
tions have been collected in 3 main categories; (i) “ Open air” activities and 
* house ’’-work, (ii) “ clerical ” and “ professional ” work, and (iii) ‘dusty ” work. 
When these categories of occupations had been decided upon and delimited, the 
Statistisk Sentralbyra was kind enough to furnish a fairly accurate estimate of 
their numerical background in the population, and the data are presented in 
Table IT. 

Whereas the listing in Table I, in order to obtain certain information, had been 
influenced by the fact that a number of patients had at some period in their lives 
held a “ special occupation,” and the figures for the population at large give the 
occupation of the population at the moment of registration, the figures are not 
strictly comparable. The following figures may therefore be of some importance. 

Out of the 202 male patients, 7 only were 70 years or more. These 7 have 
all been listed under their previous occupation. Further, 13 males who, for the 
special purpose of Table I, had been listed under another occupation than that 
held when the patients lung tumour was discovered, have been transferred to the 
latter occupation. In a series of cases this has only caused a change in occupation 
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TaBLE I.—Distribution of Group I and Group II Cases by Occupation. 


Number represented in 


Group I. 
Category of activities. Occupation. 
“Open air” activities and Sailors ° 
* house ” work Fishermen 

Farmers 
Timbermen, carpenters . 
Gardener, park attendants 
Constructors . 
Horse drivers 
Conductors (street car, rail) « 
Patrol-policemen . 
Telephone line workers . 
Dockers 
Ships cooks . 
House workers 


Total . 


“ Clerical and “ professional’ Office clerks . 
work Business men and bankers 
Commercial travellers 


Authors 

Singers 
Hotel owners, caterers ‘ 
Storehouse 
Students 


Total . ° ° 


“ Dusty ” work Firemen, stokers (land, sea) 
Engineers (land, sea) . 
Locomotive drivers 
Chauffeurs . 

Mechanical workers, grinders, 
solderers 

Blacksmiths 

Plumbers 

Miners, iron, copper ete. 

Stone and concrete workers 

Masons 

Brick workers 

Glass workers 

Match workers 


bl | 


Textile workers . 
Tar-paper workers 

Bakers 

Butchers 

Brewery workers . 
Fishcanning workers. 
Warehouse attendants . ‘ 
Waiters » é 


— ~~ 


Total . . . 


13 
10 = 
2 
7 
2 
1 
1 
] 
2 
1 
4 
20 
1 
3 
“ea 4 
5 
2 
1 
1 
1 
Dyers, chemical factories 1 
Shoe workers, makers . 3 
Furniture makers . 4 
4 
. 
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TaBLE I1.—Occupational Categories (Population over 15 years of age, 1950). 


L (a) “Open air ” activities : Males. Females. 
Agriculture, gardening, lumberwork . 263,463 - 26,587 
Fishing, whaling, etc ° 69,233 292 
Artisans and workers in building and construction. 114,601 822 
Shipping, less office workers 58,076 2,048 
Transport, less office workers and less railway workers ‘ P 35,097 ‘ 1,351 

(b) ‘‘ House ” work : 
House wives, house workers, independents staying home . 504 - 822,905 
540,974 - 854,005 
“ dusty “ workers 
) and waiters 73,480 
Total . ‘ ‘ ‘ - 467,494 - 854,005 
Il. “* Clerical ” and “ professional ” work in : 
Business, banking, insurance administration, armed forces, 
civil services, etc. 147,904 . 146,809 
Mines, manufacturing, building, construction, power and water, 
shipping, travel, hotels, etc. i 75,763 - 26,597 
250,667 - 173,406 
Less dusty work in these groups’. 6,504 
Total . ‘ ‘ ‘ - 244,163 173,406 
Il. Dusty occupations : 
Workers in mines, manufacturing, railway, gasworks, etc., and 
‘“‘ dusty ” work in the other groups. Total . 341,634 - 70,869 
Per cent. 
3. Open air ” activities, ““ house” work: Males. 467,494 44-3 
Il. Clerical and “ professional work : Males 244,163 23-3 
III. Dusty occupations : Males 341,634 32-4 
Total . ‘ - 1,053,291 - 100-0 
Retired, not working . ‘ 162,518 _ 
Open air” ’ activities, “‘ house’ work: Females.- . 854,005 ‘ 77-8 
Il. Clerical ” and “ professional work: Females . 173,406 15-8 
Dusty ” occupation Females . 70,869 6-4 
Total . - 1,098,280 - 100-0 


and not in main occupational category. When the final correction was made, 
this led to a reduction in the figures for “open air” and “ house ’work of 3, 
with a corresponding increase in “ clerical” work of 2, and “ dusty ” work of 1. 
These figures are now used in Table IV. 

In a previous paper (Kreyberg, 1954a) it has been shown that the Group II 
tumours represent primary epithelial lung tumours not connected with any special 
carcinogenic situation of recent origin, whereas the Group I tumours have shown 
a marked increase, and a pattern of epidemiological circumstances pointing to a 
new carcinogenic situation. 

As the females in Norway manifest nearly exclusively Group II tumours, it is 
of great interest, as a control, especiaily to examine the occurrence of such tumours 
in our patient material in relation to the estimated representation of the occupa- 
tional categories of the population. The result is as shown in Table III. 
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TaBLeE III.—Occurrence of Group I and Group II Tumours in Various Occupational 
Categories (Females). 


Tumours occurring. 
A... 


Estimated in the population. Group I. 
Occupational category. No. Per cent. No. 
Open air” and “ house ”’ work . 854,005 77-8 4 
“Clerical” and profession: 
work . 173,406 15-8 
Dusty ” work 70,869 6-4 


Total - 1,098,280 100-0 


© 


Considering the limited number of cases, there is a remarkable correspondence 
between the numbers to be expected and the numbers actually occurring in the 
three main occupational categories. 

Group I tumours in females occur in a negligible number, in our present material 
4 cases only, but also these tumours are represented as would be expected if no 
special occupational hazard was involved. 

In Table IV the occurrence of Group I and Group II tumours in the males is 
shown, likewise according to their representation in the different occupational 


categories. 


TaBLE IV.—Occurrence of Group I and Group II Tumours in Various Occupational 
Categories (Males). 


Tumours occurring. 
Estimated in aan 
the population. . Group IT. 


Ratio. 
Per 

Occupational No. cent. io. Group Group II. 
Open air and “ house 
“Clerical” and “ profes- 

sional work 244,163 23-3. - I- 7°3:1 (2-6) 
** Dusty ” work ‘ 341,634 32-4 . . 24 . 10-3:1 (3-6) 


Total - 1,053,291 100-0 


Again, it will be seen that there is a fair correspondence between the expected 
manifestation of Group II tumours and the number actually found. Turning to 
the Group I tumours quite another picture is seen. 

As most of the Group I tumours in males are caused by special agent(s) of 
recent origin in certain parts of the world, and as there is no evidence in support 
of the assumption that any type of occupation positively protects against lung 
cancer, it is reasonable to accept the lowest figure recorded as an expression of the 
lowest exposure risk and as an indicator of the figures closest to the figures for 
“unavoidable” Group I tumours. As “ unavoidable” Group I tumours are 
counted those which occurred in the population before the new carcinogenic 
situation was established. This lowest risk is found in the occupational category 
of “open air” and “house ”’-work. If this lowest risk is designated 1-0 (46 
cases from 44-3 per cent. of the population—the nearly identical figures have 
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nothing to do with the index), it will be seen that the risk for the category “ clerical 
and professional ” work is 1-8 and the risk for “ dusty ” work is 2-4. 

Here the proportionate risks have been examined in relation to the calculated 
size of the occupational categories in the population. In order to check this 
observation, Table IV also gives the ratio Group I: Group II tumours. In the 
previous paper on geographical factors (Kreyberg, 1954c) this ratio has given 
valuable information. 

If now, again, the lowest figure (2-9) is used as a basic index and designated 
1-0, it will be found that the category “ clerical and professional ” work has the 
index 2-6 and the “‘ dusty ” work the index 3-6. The latter indices are of a slightly 
different magnitude and their significance is less than that of the first series 
because of the small number of Group IT tumours in each occupational category. 
But, nevertheless, the second series of indices tends to confirm the bearing of the 
first, which is that there is a considerably greater chance of recording lung cancer 
among people occupied with “‘ dusty ” work, as compared to “ open air ” activities 
and “ house ”-work, and that also the category “ clerical ’’ and “ professional ” 
work shows a considerably higher index than the latter. 

These findings do neither prove nor exclude that “ dust,” per se, may be of 
importance as a factor augmenting the chance to develop lung cancer, but two 
observations tend to reduce the probability of this assumption. Firstly, the con- 
siderably increased risk also among “clerical” and “ professional ’’ workers, 
not exposed to dust, and secondly, the wide range of occupations involved and 
with few victims in each occupation. Our findings so far are in accord with those 
of Doll (1953) and Lickint (1953), quoted above. 

The conclusions of the present analysis are that industrial dusts may be of 
some, but cannot be of major, importance for the new carcinogenic situation 
created for the development of lung cancer, and cannot account for the marked 
increase in Group I tumours in the last few decades. The truly responsible 
agent, of whatever nature it might be, is to a great extent also acting on the 
clerical and “ professional ” workers. 

In a previous paper (Kreyberg, 1954c) it has been shown that the increase in 
lung cancer (Group I cases) in Norway is intimately connected with the urban 
mode of life, and that a general air pollution by smoke and fumes from industry 
is not an important factor in that part of urban life which is responsible for the 
lung cancer development. This observation, together with the findings of the 
present study, indicate that the new carcinogenic situation is more likely linked 
to the males’ personal life habits, than to a general or special exposure to smoke, 
fumes and dusts from industry, streets and motor vehicles. , 


SUMMARY AND CONCLUSIONS. 


A detailed analysis of 235 cases of primary epithelial lung tumours from 202 
males and 33 females shows that people in “‘ dusty ’’ work are more liable to develop 
lung tumours than people with “open air” occupations and “ house ”’-work. 
‘Clerical ” and “ professional” workers likewise developed a higher number of 
lung tumours as compared to the category “‘ open air” activities and ‘‘ house-”’- 
work. These observations, in addition to the previous findings, that smoke and 
fumes from industry in general do not seem to influence the lung tumour develop- 
ment, whereas urbanized living does, lead to the tentative conclusion that the 
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new carcinogenic situation for lung cancer development, up to the present time, 
probably is linked to the males’ personal life habits. These conclusions seem 
valid at the present stage of the lung cancer development in Norway. 


This study has been aided by a generous grant from “ Tobaksfabrikernes 
Landsforening av 1901”. 


I wish to express my sincere thanks to Dr. Knut Westlund and Dr. R. Doll 
for valuable advice during the preparation of this paper. 
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TUMOURIGENESIS in guinea-pigs due to ovarian fragmentation, or subtotal 
castration, i.e. removing one entire ovary and reducing the amount of the second 
ovary to a small fragment, has been reported years ago (Lipschutz, 1936a, 1937, 
1938). In experiments lasting 30 months or more various types of atypical growth 
occurred : large polyps filling the uterine cavity, deep penetration of the pro- 
liferated uterine glands, epithelioma of the cervix. This kind of tumourigenesis 
has been recognized as due to the failure of the ovarian fragment to control 
hypophysial gonadotrophic function. This conclusion was reached when examin- 
ing the histological condition of the ovarian fragment which may contain luteic 
cysts (Lipschutz and Voss, 1925 ; Lipschutz, 1931) ; there was correspondingly an 
increased content of gonadotropic hormones in the pituitary of operated animals 
(Lipschutz, 1936b). 

Later on various authorities have given additional evidence that tumours 
originate in guinea-pigs with ovarian fragmentation. Uterine fibromyoma 
(Moraté, 1941), intestinal fibroma or desmoid (Nadel, 1949) subserous adeno- 
myoma of the uterus (Ponse and Dovaz, 1950; Bruzzone, 1950) and cystic 
structures probably of Wolffian origin (Ponse and Dovaz, 1951) have been 
described. 

The failure of the ovarian fragment to control the hypophysis is most probably 
due to an impairment of its blood supply as shown by work in the rat (Fels, 1942 ; 
Navori, Fugo and Davis, 1952), and in the guinea-pig (Fels, 1947). The functional 
condition of the fragment has been discussed more fully elsewhere (Iglesias, 
Mardones and Lipschutz, 19530). 

One of the most striking aspects in work with ovarian fragmentation was the 
extraordinary variability of the genital and extragenital tumoural responses. The 
present work was undertaken (by S. B.) with the purpose of accumulating new 
evidence as to this in experiments lasting up to 45 months. 

Ovarian fragmentation (subtotal castration) was performed in 12 animals of 
more than 700 g. and in 5 animals of 500 to 590 g. only. Weight or age is of 
importance in this kind of experiment ; with young animals there is a considerable 
latent time before any derangement of the sexual cycle begins (Lipschutz, 1938). 
In 3 animals (I/16, V/15, XIII/21) bilateral fragmentation was performed so as 
to diminish the number of those cases in which the experiment fails due to 
degeneration of the fragment. The fragment was of the hilus of the ovary. 
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The condition of the ovarian fragment. 

In 3 out of 17 cases we failed to recuperate ovarian tissue (VII /38, X/35, 
XVI/8). In these animals only Wolffian structures as the ovarian rete and large 
cysts were found, together with some remains of the ovarian stroma. In 6 out 
of the remaining 14 animals in which follicular structures were present, the ovarian 
fragment offered full evidence of an abnormal hypophysial activity. Haemorr- 
hagic follicles were found in 2 animals (1/16, XIII/21); luteic cysts in 3 other 
animals (IV /14, XIV/10, XV/7) ; in 1 of these animals (X V/7) the luteic cyst was 
an haemorrhagic one. The presence both of haemorrhagic follicles and luteic 
cysts is a secure proof of an ovarian-hypophysial imbalance. It is the same with 
another phenomenon which deserves considerable interest : a localized reaction 
on the part of the germinal epithelium which was found in XIV/10 and XVIII/9 
(Fig. 1, 2). It may be compared to what has been seen formerly, though in one 
animal only, with intrasplenic ovarian grafts (Iglesias, Mardones and Lipschutz, 
1953a, Fig. 20). 

In various fragments, in experiments lasting as long as 45 months (XIII/21, 
XIV/10 and XV/7), the quantity of ‘follicular clusters,” composed of a great 
number of small atretic follicles, was considerable ; we do not feel sure about 
whether these clusters have something to do with granulosa or theca cell tumours. 

Almost all ovarian fragments contained large Wolffian cysts. The epithelium 
of the rete was in general higher than in the normal ovary. In 3, and probably 
4 animals the fragment contained a nodule of the Brenner type (XI1/23, XIV/ 
10[?], [X/27, XVII/9; Fig. 3), similar to that described formerly by our group 
in intransplenic ovarian grafts (Iglesias, Mardones, Bruzzone and Lipschutz, 


1953 ; Iglesias, Mardones and Lipschutz, 1953a). A similar tumoural structure 
was found, in one of these animals, also in the meso of the tube (XII/23 ; Fig.4). 


The condition of the uterus. 

Uterine weight.—Though the uterine weight varied greatly, it was in about one- 
half of the animals considerably larger than in normal females. When omitting 
the 4 animals with a degenerated fragment and 1 animal with the enormous 
uterine weight of 12-7 g., the average was, in 10 animals, of 1-9 g. This is twice the 
normal weight and indicates prolonged oestrogenic action. 

Cystic glandular hyperplasia, which in similar experiments has been reported 
already by Burch, Wolfe and Cunningham, (1932) and by our group (Lipschutz 
and Osnowikoff, 1932; Lipschutz, 1937) was present in no less than 12 animals 
of the present series. In most of these animals there was also a dilatation of the 
blood vessels of the submucosa. 

Subserous adenofibromyoma.—In 8 animals uterine glands were found in the 
myometrium or underneath the serosa. In general a cluster or small nodule of 
glands was present in, or beneath, the circular muscle layer. In several of these 
cases penetration of glands was so considerable that subserous adenofibromyoma 
was produced (Fig. 5, 6, 7). In one of these adenofibromyomata the muscular 
tissue predominated (Fig. 6). There may be more than one adenomyoma on the 
same uterine horn (Fig. 5 and 6). It was remarkable that the epithelium of the 
glands of the adenomyoma was cubical and strikingly different from that of the 
glands of the submucosa (Fig. 8, 9). This peculiarity had already been noted in 
the glands which penetrated into the myometrium. Many of the glands of the 
adenofibromyoma or adenomyoma were distended. 
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Of considerable interest were 2 animals in which there were subserous nodules 
constituted of fibrous tissue with a scarcity of cells and with a small number of 
tubular structures (Fig. 10). Probably one is not far wrong in interpreting these 
nodules as adenofibromyomata which have degenerated. 

Polyps.—Notable is the “ vascular” polyp present in an animal necropsied 
two years after operation (Fig. 11). The polyp was almost void of glands. 
Whether the condition of the endometrium has to be interpreted as ‘‘ squamous ” 
we do not know. The ovarian fragment contained haemorrhagic follicles. In 
two other cases of about 32 months the uterine cavity was filled with masses of 
cystic glands, but the epithelium was that of the castrate (VI/32, VII/38), as 
was also the vaginal mucosa. In an animal of 45 months a large polyp reached 
the vagina (XITI/21). 


Uterine adenocarcinoma. 


Both penetration of proliferated glands deeply into the myometrium and 
production of subserous adenomyoma, as reported above, have already been found 
in previous work with ovarian fragmentation by our group or other authorities. 
It is the same with the adenomatous polyps. A new and hitherto unsuspected 
finding was that of adenocarcinoma in several cases. This finding deserves a more 
detailed description. 

Let us start with XVI/8. The endometrium and the glandular epithelium of 
the right horn was cubical and not cylindrical, as it should have been under the 
immediate action of oestrogen. But the presence of some glandular cysts in 
this uterine horn and so also the condition of the mammary gland gave evidence 
that in this animal, as in so many others of our series, there has been continuous 
action of oestrogen—though now probably passed. Similar to that of the right 
horn was the endometrium of the left one. Part of the second third of the left 
horn was somewhat distended. On microscopical examination almost the whole 
uterine cavity can be seen filled with a growth whose base is attached to the 
uterine wall (Fig. 12). The endometrium on the surface of the growth is flattened, 
or has disappeared. The whole growth consists of crowded glands with very little 
connective tissue between them. Many of the glands are slightly enlarged and 
deformed (Fig. 13, 14). The cells are cubical, as are those of the glands in the 
submucosa opposite the polyp. But their spherical nuclei are denser ; they are 
poorer in protoplasm than the normal glands (Fig. 15, 16). An anaplastic trans- 
formation of the glandular epithelium has taken place. Thanks to the glands 
being crowded, one close to the other, and thanks to the nuclei being denser, the 
growth appears with Van Gieson stain almost black. No mitoses were found. 

The carcinomatous growth in XVI/8, necropsied at 45 months, may be com- 
pared to the picture in IV/14, necropsied at 24 months. Part of the submucosa is 
occupied by a large nodule of crowded glands which appear darker than the rest 
of the uterine wall (Fig. 17). The nodule is not sharply delimited from the sur- 
rounding tissue ; however, the difference between the glands of the nodule and 
those scattered in the submucosa is already striking and can be recognized even 
at small magnification, thanks to the dark colour of the nodule, though, indeed, 
the nuclei are not so dense as in XVI/8. The endometrium above this group, or 
nodule, is flattened. 

A glance at the preparations of the uteri of IV/14 (Fig. 17) and XVI/8 (Fig. 12) 
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convinces one that the superficial nodule of the first is a precursory stage of the 
second. The comparison between both also gives evidence that in XVI/8 we are 
not dealing with an adenomatous polyp as formerly described in similar animals 
(Lipschutz, 1937) and as found also in some animals of the present series. The 
growth originates, as shown in Fig. 17, in the submucosa without notably changing 
the contours of the uterine cavity ; only subsequently when thickened it protrudes 
into the latter. 

A third case of great interest is [IX /27, of about 33 months. In the left horn 
a localized enlargement was found (Fig. 18). The whole uterine cavity of the 
enlarged part was occupied by the growth attached to the uterine wall with a 
very large base (Fig. 19). Beneath the growth no glands are present in the sub- 
mucosa, whereas opposite the growth some glands are to be found in the highly 
vascularized submucosa. In the neighbourhood of the growth the endometrium 
has disappeared. The growth is composed almost entirely of uterine glands very 
often distended and of irregular shape (Fig. 20); the distortion of the glands is 
more pronounced than in XVI/8 (Fig. 14). The growth is divided into lobules by 
fibrous trabeculae rich in blood vessels (Fig. 21). There is amidst the glandular 
structures also a solid mass of cells (Fig. 22), which in all probability are derived 
from the submucosa, as will be discussed in greater detail later on. 

The superficial glandular masses are frequently in a state of necrosis ; glands, 
cells with pycnotic nuclei and leucocytes fill the small space of the uterine cavity 
left free between the various parts of the growth. Fibrous tissue may also be 
present at the surface of the growth (Fig. 22). 

At necropsy the growth seemed to be quite localized (Fig. 19). But micro- 
scopical examination revealed that the adenocarcinomatous condition extended 
over almost the whole uterus, and not only over the left but also over the right 
horn. Indeed, it nowhere reached the same degree as in Fig. 19, i.e. of a large 
growth distending the uterus. The difference between the glands of the small 
nodules and normal glands here also was very striking. 

When comparing the condition in XVI/8 and IX/27 with that of the initial 
stage in IV/14 (Fig. 17) one may say that evolution was on three lines : (1) multipli- 
cation of glands; (2) more marked anaplasia of the cells ; and (3) sometimes 
encapsulation of individual nodules which become surrounded by connective 
tissue of the submucosa free of glands. 

Another important point has to be mentioned: whereas carcinomatous 
growth in IV/14 and XVI/8 was unifocal it was multifocal in IX/27. There 
were not only several nodules located nearby as in Fig. 19 ; chere were also nodules 
at a distance in the same left horn and in the right one (Fig. 23). A very striking 
example of multifocal growth in the same animal (IX/27) is offered also by the 
adenocarcinomatous nodule located in the cervix of one of the two horns, just 
before the cervices unite in the common cervix (Fig. 24). This localization is 
the more notable as the adenocarcinomatous nodule has originated in a mucosa 
lined by the mucified cells typical of this part of the uterus. 

Animals IV/14 (Fig. 17), XVI/8 (Fig. 12) and IX/27 (Fig. 19) give an idea 
of the evolution of this type of adenocarcinoma in the uterus. A further stage of 
this evolution is offered by XVII/9, of 45 months. At necropsy the right uterine 
horn was found greatly distended (Fig. 25) by a growth adherent to the uterine 
wall and filling the whole cavity ; the free surface of the growth was covered by 
the distended uterine wall (Fig. 26). The glandular structures of this growth were 
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identical with those of IX/27. But besides being much larger the growth in 


XVII/9 shows some peculiarities. 
There is, first, the difference between the epithelium of the endometrium or 


its glands on the one hand and that of the tubular or glandular structures of the 
growth, on the other hand. In XVII/9 there was, at the moment when the animal 
was necropsied, full oestrogenic activity: the vaginal mucosa was in oestrous. 
Correspondingly, the epithelium of the endometrium (Fig. 27) and its glands 
(Fig. 28) was a high cylindrical one. On the contrary, the epithelium of the 
tubular or glandular structures of the growth (Fig. 29) was the same as in the 
growths of XVI/8 and IX/27. Should there have been any doubt about the 
anaplastic transformation of the glandular epithelium in the growths in IV/14, 
XVI/8 and IX/27, the Fig. 27 to 29 referring to X VII/9 are fully convincing. 

A second point already referred to when discussing [X/27 was the presence 
of solid cords. These are of a much greater extent in XVII/9 (Fig. 30, 31). The 
solid cords occupy here a considerable part of the growth. They originate, as 
already mentioned, from the cells of the submucosa ; similar cells were present 
in the submucosa also in the initial stage (IV /14). 

The tumour contains also smooth muscle tissue and fibrous tissue distributed 
in a very disorderly manner, though undoubtedly originating from the corre- 
sponding tissues of the myometrium and the submucosa. 

We have referred to the multifocal origin of the adenocarcinoma in IX /27 and 
the consequently great extent of the growth in this animal; by contrast, in X VI/8 
there was only the localized large tumour. In XVI/9 the origin was again multi- 
focal : not far from the principal tumour there was an independent growth of 
smaller size. Besides that, when examining the various groups of glands in 
the submucosa of the endometrium outside the growth, some glands appear 
different from those of neighbouring groups of normal aspect : the epithelium 
is less high and the nucleus denser. 


Extra-uterine tumours. 


Extra-uterine tumours in guinea-pigs with ovarian fragmentation have 
already been reported (Nadel, 1949 ; Ponse and Dovaz, 1950, 1951). In the work 
of Nadel there was a subserous fibroid, or desmoid, of the small intestine in an 
animal necropsied 6 months after involuntary ovarian fragmentation. In the work 
of Ponse and Dovaz the animal was necropsied 2} years after the operation ; 
the animal was supposed to be castrated and a subcutaneous ovarian autograft 
did not survive. No ovarian remnant was found; but it may be reasonably 
assumed that the tumours were due to such a remnant. The multiple extragenital 
subserous tumours, besides those of the parametrium, were attached to the 
stomach and urinary bladder. The most probable explanation is that they were 
all of Wolffian origin 

“ Brenner” nodule and cyst of the parametriwm.—Ovarian and extra-ovarian 
cysts of Wolffian origin in the present work were frequent. But there was in 
XII/23 also a small tumour of the Brenner type between the tube and surrounding 
patches of smooth muscle tissue (Fig. 4). This extra-ovarian Brenner nodule has 
already been referred to above when describing the condition of the ovarian 
fragment which also contained a Brenner nodule. In the same animal there 


was also a Wolffian cyst in the parametrium. 
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Subserous fibroids.—(a) A large fibroid located between the duodenum and 
colon was found in X1/18, of 44 months. The greater part of the tumour consists 
of collagenous tissue with interspersed nuclei. At some places in the periphery 
the number of cells is much greater and the nuclei larger. Patches of smooth 
muscle tissue, probably belonging to the muscle layers of the intestinal wall, were 
found, though rather at a distance from the latter. There was great abundance 
of lipoid tissue. Necrotic zones with leucocytes are located in the tumour at a 
variable distance from the abdominal wall. The tumour invading the muscular 
wall has destroyed at one place the intestinal mucosa. The whole mucosa is 
affected. There is superficial necrosis of the glands and the intestinal cavity is 
filled with fragments of glands, leucocytes and amorphous masses. Among the 
leucocytes and necrotic masses in the tumour, not far from the destroyed wall, 
fragments of glands also were present. (b) A small fibroid was present on the sur- 
face of the liver in VII/38, of 32} months (Fig. 32). Structurally the tumour in 
this anoestrous animal was similar to oestrogen-induced fibroids after with- 
drawal of oestrogen (Lipschutz, 1950, p. 164). (c) A tiny subserous nodule was 
found on the surface of the spleen in the anoestrous animal V1/32. It was similar 
to the oestrogen-induced nodules of the same localization. (d) Fibroids originating 
in the meso of the tube, the so-called “ apical” uterine fibroids, were present in 
VI/32 and VII/38. They were of small size. 

Tumour of the renal pelvis (XIII/21, 44 months). The tumour is broadly 
attached to the wall of the renal pelvis and also fills the ureter (Fig. 37, 40, 41). 
Normal pelvic mucosa and submucosa are still present around the tumour, in a 
limited area. Layers of the mucosa are superimposed on a tissue composed of 
cells with dense nuclei (Fig. 38, 39). The question arises whether these cells have 
orginated from the mucosa or from the submucosa ; the first is the more probable. 
On the surface the cells sometimes form tubular structures which may be also 
cystic (Fig. 38) ; solid cords of cells or tubules with a stratified epithelium deeply 
penetrate the growth (Fig. 42, 43). In the deeper part of the submucosa the 
tissue is loose and contains many spindle shaped nuclei (Fig. 44, 45). The part 
of the tumour which fills the ureter is lobulated ; on the surface it consists of 
cedematous connective tissue with scattered clusters of cells (Fig. 40); at other 
places the tumour is solid (Fig. 41). In various parts of the ureter there are 
independent excrescences whose structure is similar to those of the pelvis. 


Condition of the suprarenals. 

In 4 animals the cortex offered an unusual picture. Islets of cortical cells 
resembling those of the zona fasciculata were present amidst medullary tissue 
(VII/39 and X/35) ; or there were nodules on the very surface of the gland (V1/32 
and XII/23). We do not feel sure about how far this condition diverges from 
what may be found in normal animals. 


DISCUSSION. 


The above description offers a picture of very manifold tumoural responses in 
a group of 17 animals necropsied 2 to 4 years after ovarian fragmentation or 
subtotal castration. As in former observations there were various types of 
atypical behaviour of uterine glands : adenomatous polyps filling the uterus ; an 
adenomatous polyp descending into the vagina ; uterine glands penetrating into 
the myometrium ; proliferated glands reaching the serosa and forming adeno- 


”” Necropsied 234 to 334 Months after Operation. 


TABLE I.—Ten Female Guinea-pigs with ‘‘Ovarian Fragmentation, 
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EXPLANATION OF PLATES. 


Fie. 1.—Local increase of germinal epithelium, XVII/9. x 70. 

Fig. 2.—The same, XVII/9. x 300. 

Fic. 3.—-Nodule of Brenner type in the ovary. Ovum on the top, to the right, XII/23. x 70. 

Fic. 4.—Extra-ovarian nodule of Brenner type. Tube on the left, XII/23. x 70. 

Fic. 5.—-Subserous adenofibromyoma. Many glands enlarged. Blood beneath the endome- 
trium and in the uterine cavity, V/15. x 15. 

Fic. 6.—-Subserous adenomyoma, V;15. x 23. 

Fic. 7.—Subserous adenofibromyoma with highly enlarged glands, XII/23. x 15. 

Fic. 8.—Glands of adenofibromyoma of Fig. 5, V/15. x 300. 

Fic. 9.—-Uterine glands of the same animal. Note the difference between Fig. 8 and 9, V/15. 

x 300 

Fic. 10.—Nodule attached to the uterine wall. Various cysts with low epithelium, surrounded 
by fibrous tissue rich in cells. Small fibrous nodule poor in nuclei in the lower half of the 
nodule, XI/18. x 15. 

Fic. 11.—Uterine polyp consisting principally of blood vessels. Endometrium cylindrical. 
At different places stratification (?) of endometrium, I/16. x 45. 

Fie. 12.—Adenocarcinoma without invasion of uterine wall, XVI/8. x 15. 

Fie. 13.-—-Detail of Fig. 12. Some normal glands on the top to the right, beneath endome- 
trium. Note the deformation of glands of adenocarcinoma, XVI/8. x 70. 

Fic. 14.—Part of adenocarcinoma where deformation of glands is more pronounced than in 
Fig. 13, XVI/8. x 70. 

Fic. 15.—Glands of adenocarcinoma of the same animal. Solid epithelial outgrowths (?) of 
various glands, XVI/8. x 300. 

Fic. 16.—Seemingly normal glands to which attention has already been attracted in Fig. 13. 
Compare with glands of adenocarcinoma, XVI/8. x 300. 

Fic. 17.—Nodule of anaplastic glands beneath flattened endometrium. The difference 
between these glands and seemingly normal glands in the upper part of the figure can be 
seen already at low magnification, IV/4. x 15. 

Fic. 18.—Left uterine horn locally distended ‘by growth, IX/27. Normal size. 

Fic. 19.—Growth seen in Fig. 18, IX/27. x 3. 

Fic. 20.—Highly deformed glands of the growth seen in Fig. 19, IX/27. x 70. | 

Fic. 21.—Large blood vessel in septum separating lobules of the growth, IX/27. x 70. 

Fic. 22.—Solid mass of cells amidst glands of adenocarcinoma. The cells belong most probably 
to the submucosa. On the top-fibrous tissue, IX /27. 70. 

Fic. 23.—Nodules of adenocarcinoma in the opposite (right) horn of the same animal, 
IX/27; x 15. 

Fic. 24.—Nodule of adenocarcinoma in the individual cervix of one of the horns. Note that 
the normal cervix is lined with mucified cells, [IX ;27. x 15. 

Fria. 25.—-Large growth in the right horn distending it greatly, XVII/9. Normal size. 

Fic. 26.—Distended uterine wall covering a nodule of adenocarcinoma. On the top to the 
left—nodule of enlarged cells of the submucosa with many blood vessels. Beneath the 
adenocarcinomatous part—large masses of cells of the submucosa. In the centre and to 
the left, possibly necrobiotic changes, XVII/9. x 15. 

Fic. 27.—Cylindrical endometrium of right horn. Beneath the tunica—part of myometrium, 
XVIT/9. x 300. 

Fic. 28.—Large gland in tunica beneath endometrium of right horn, XVII/9. x 300. 

Fic. 29.—Glands of adenocarcinoma of right horn, XVII/9. Compare with Fig. 27 and 28. 
x 300. 

Fic. 30.—Solid nodule of cells of the submucosa reaching the surface of the growth. To the 
left—fibrous tissue, cellular and non-cellular, XVII/9. x 15. 

Fic. 31.—-Solid nodule of large cells probably originating from submucosa. The nodule is 
covered by fibrous tissue probably also belonging to the submucosa, XVII/9. x 300. 

Fic. 32.~Desmoid on the surface of the liver, VII/38. x 70. 

Fic. 33.—Endometrium of animal with subcutaneously implanted pellet containing 5 per cent 
of oestradiol, 16 months, CXXIII.51. x 300. 

Fie. 34.—Anaplastic uterine glands, same animal as Fig. 33, CX XIII.51. x 300. 

Fic. 35.—Anaplastic gland with very doubtful picture of solid outgrowth, same animal as 

Fig. 33 and 34, CXXIII.51. x 300. 

Fic. 36.—Uterine gland, same animal as Fig. 33 to 35. Part of the gland shows cells similar 
to those of the endometrium (Fig. 33) whereas another part of the same gland is constituted 
of anaplastic glands similar to those in Fig. 34 and 35. x 300. 

Fic. 37.—Tumour of renal pelvis. Ureter greatly distended by the tumour, XIII/21. x 1-4. 

Fic. 38.—Epithelium of the pelvis superimposed on tissue of cells with dense nuclei. Note 
tubular structure and cystic dilatation on the surface, XIII/21. x 70. 

Fie. 39.—Surface epithelium and layers beneath reaching considerable thickness, XITI/21. x 70. 

Fic. 40.—-Part of the tumour in the ureter. To the left, oedematous connective tissue with 
clusters of large cells, XIII/21. x 15. 

Fie. 41.--Solid part of the tumour in the ureter, XIII/21. x 300. 

Fie. 42.—Tubule with stratified epithelium beneath the surface, XIII/21. x 70. 

Fic. 43.—Structure similar to that of Fig. 42, but less deiimited, XIII/21. x 300. 

Fia. 44 and 45.—Deeper part of the tumour with many spindle shaped nuclei, XIII/21. x 300. 
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fibromyoma or adenomyoma. Similar responses on the part of the uterine glands 
can be elicited in the guinea-pig with the prolonged administration of oestrogens, 
and it is but reasonable to suppose that they were due, in our group of animals, to 
protracted phases of oestrogenic action not duly interfered with by progesterone. 

Two new aspects referring to the glands penetrating into the myometrium, 
aspects not yet dealt with in former work, deserve special mention. The first 
one is the fact that the glands found in the myometrium or those of the adenofibro- 
myomata are often structurally different from normal uterine glands. The pene- 
trating glands have undergone structural changes. The dynamics of these changes 
are wholly unknown to us ; but it would be unreasonable to ascribe them to the 
influence of the new “ ambiental ” conditions into which the penetrating glands 
are entering, since we have seen structural changes of glandular cells so funda- 
mental as those summarized as anaplasia may take place without penetration. 

A second aspect of interest is the probability that the adenofibromyoma 
elicited by the protracted action of oestrogen is reversible. There were 2 animals 
(V1/32 and XI/18) with an endometrium of the castrate type, and in these animals 
bodies attached to the uterus were found which were most probably involuted 
adenofibromyomata (Fig. 10). This, indeed, is only a tentative explanation. But 
in its favour was the castrate condition of the uterine and vaginal epithelium in 
both these animals, and the involution of the mammary glands. The fibrous 
mesenteric tumour in one of these animals (XI/18) was of the desmoid type, and 
fibroblasts characteristic of the growing oestrogen-induced fibroid (Lipschutz, 
1950, Fig. 10) were absent. 

Of considerable interest is the new and unexpected finding of uterine adeno- 
carcinoma which was in full development in 3 animals, and in an initial stage in 
one animal. Like the adenomatous polyp, this adenocarcinoma has no tendency 
to penetrate into the myometrium. Metaplasia of the endometrium elicited by 
the prolonged action of oestrogen has been described in the guinea-pig (Lipschutz 
1950, Fig. 62) and other species by various authorities ; it has been seen also in 
guinea-pigs with ovarian fragmentation (Lipschutz, 1937). But never before 
have we seen in experiments with ovarian fragmentation an anaplastic condition 
similar to that of Fig. 15 and 29 of the present series. Scattered groups of ana- 
plastic glands were found also in 2 other animals (1/16 and XIV/10), though the 
anaplasia was not of the same degree as in XVI/8, 1X /27 and XVII/9. 

We have now to discuss the question whether the adenocarcinoma was due to 
oestrogen acting in the body of our animals with ovarian fragmentation. An 
anaplastic condition of the glands (Fig. 33-36), similar to that of adenocarcinoma 
in the present work, a condition so different from that of normal uterine glands 
subject to the action of oestrogen, has been observed, though only once, in a 
series of castrated animals with the absorption, from a subcutaneously implanted 
pellet, of small quantities of oestrogen during more than 16 months (experi- 
ments in collaboration with A. Riesco ; Lipschutz, 1950, p. 84). 

We must now discuss the condition of the ovarian remnant in the 4 animals 
with uterine adenocarcinoma including the initial stage. The findings were rather 
conflicting. Large Graafian follicles were present in XVII/9, but in 2 other 
animals they were small or atretic (IV /4, IX /27) and no active ovarian tissue was 
found in XVI/8. Corpora lutea in IX /27 and XVII/9 were in a state of degenera- 
tion, but a luteic cyst was present in XVII/9. However, in none of these animals 
was the uterine weight that of a castrate ; the vaginal mucosa was in oestrus or 
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metoestrus ; in XVI/8 the mammary gland was in a state of secretion. It is thus 
evident that in the 4 mentioned animals there was, in the course of the experiment 
and till lately, secretion of oestrogen and probably also of progesterone ; but 
nothing can be said as to the quantitative and timing conditions of their secretion. 
However, the fact that in the present series luteic cysts or haemorrhagic follicles 
were found in no Jess than 5 or 6 animals is sufficient to warrant the assumption 
that there was abnormal hypophysial activity also in the 4 cases with uterine 
adenocarcinoma as it generally occurs in ovarian fragmentation in the guinea-pig 
(see discussion in Iglesias, Mardones and Lipschutz, 19356). An abnormal hypo- 
physeal activity is also evidenced in X VII/9 by the extraordinary condition of the 
germinal epithelium (see Section ‘‘ Ovarian Fragment ”’), and likewise by the 
masculinization of the genital region in 3 animals (I[V/4, XVI/8 and XVII/9) ; 
there was growth of the clitoris and of horny styles as present in the male (similar 
findings in Lipschutz, 1938). No more than that can be said at the moment 
with reference to the hormonal dynamics of the adenocarcinomatous growth 
in the uteri of our animals. 

There is another very relevant question. Our experimental animals were all 
aged animals. At necropsy none was less than 3 years old; the 3 animals with 
highly developed uterine adenocarcinoma (XVI/8, I1X/27 and XVII/9) were 
certainly 4 to 5 years old. One may ask whether a similar tumoural growth may 
occur in non-operated old guinea-pigs. But even should it be so this would not 
be contrary to the assumption that a hormonal imbalance is at the root of this 
kind of uterine tumourigenesis. 

As already insisted upon, superficial uterine adenocarcinoma as in our 4 
animals, without penetration into the myometrium, has not been seen in our 
former work with ovarian fragmentation or in that of other authorities who used 
the same method. There is the possibility that genetic conditions are responsible 
for the variable results. 

When dealing with uterine adenocarcinoma in our guinea-pigs (Table IIT) 
it is of interest to note the fact that a superficial layer of adenocarcinoma with 
little penetration into the muscle is not unusual in women (Willis, 1948 ; p. 536) ; 
multifocal origin as in [IX /27 and XVII/9 probably also occurs in women. 

The ovarian nodule of the Brenner type found in XII/23, [X/27 and XVII/9 
is identical with that we have described in intrasplenic ovarian grafts in the same 
species (Iglesias, Mardones, Bruzzone and Lipschutz, 1953 ; Iglesias, Mardones and 
Lipschutz, 1953a). A similar tumoural response of ovarian structures has already 
been seen in former work with ovarian fragmentation (Lipschutz, 1938; 1950, 
p. 223). 

A quite unexpected finding was the large tumour of the renal pelvis and the 
excrescences of the mucosa of the ureter. The structure of this growth reminds 
one of the papillary carcinoma of the renal pelvis in man as pictured by Anderson 
(1948, p. 662). But we do not dare yet to classify the tumour found in our present 
work. Carcino-sarcoma may be the appropriate name ; it seems very likely that 
it originated from the mucosa of the pelvis. 'We may remember that proliferation 
of the epithelium of the urinary tract subject to the action of oestrogen is a well 
known phenomenon and has more recently attracted attention also in clinical 
work (Del Castillo and Argonz, 1953). In the same animal there was also a huge 
uterine polyp descending into the vagina. The ovarian remnant contained a 


haemorrhagic follicle. 
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SUMMARY. 


Guinea-pigs with ovarian fragmentation, or subtotal castration, were necrop- 
sied about 2 to 4 years after operation. 

The condition of the ovarian fragment gave full evidence that an 
ovarian-hypophyseal hormonal imbalance had taken place. Among 17 animals 
there were 2 with haemorrhagic follicles and 3 with luteic cysts, one of which was 
haemorrhagic. In 2 animals there was localized hyperplasia of the germinal 
epithelium. 

Most of the ovarian fragments contained Wolffian cysts ; in 3 animals the 
fragment cortained small tumours of the Brenner type. 

In several animals the fragment contained an abundance of follicular clusters 
originating from small atretic follicles. 

As in former experiments with ovarian fragmentation cystic glandular hyper- 
plasia occurred, with considerable vascularization of the tunica. In several 
animals polyps of the endometrium filled the uterine cavity and in 1 animal the 
polyp prolapsed into the vagina. Glands penetrated deeply into the myo- 
metrium. 

In 2 animals large subserous adenofibromyomata were found. In 2 other 
animals there were subserous nodules which were seemingly involuted adenofibro- 
myomata. 

Endometrial adenocarcinoma of the “ superficial” type (Willis, 1948) was 
found in 3 animals necropsied 33 to 45 months after operation. The adenocar- 
cinomatous nodules were of variable size, reaching in 1 animal a diameter of more 
than 2 cm., and consisted of anaplastic glands. The latter differed from normal 
glands in three respects: (1) the cells were poorer in protoplasm and the nuclei 
were denser ; (2) the anaplastic glands were very frequently of irregular shape ; 
(3) these glands showed seemingly solid epithelial outgrowths. The adenocar- 
cinoma was unifocal in 1 case, and multifocal in the 2 remaining cases. A small 
nodule of anaplastic glands was found in a fourth animal about 2 years after 
operation, and scattered groups of similar anaplastic glands were present in 2 other 
animals. However, in none of the last 3 animals was the anaplasia of the same 
degree as in the 3 cases of adenocarcinoma mentioned above. 

Various extra-uterine tumours were also found : a nodule of the Brenner type 
near the tube ; a large fibroid, or desmoid, between the duodenum and colon ; 
a small fibroid, or desmoid, on the surface of the liver ; so-called “‘ apical ’’ uterine 
fibroids originating in the meso of the tube. A large tumour of the renal pelvis, 
probably a carcino-sarcoma originating from the mucosa, deserves special notice. 

The question is discussed how far tumourigenesis due to the hormonal imbalance 
in experiments with ovarian fragmentation has been enhanced in these experiments 
of such a long duration by the advanced age of the animals. 


Our thanks are due to Dr. R. Barahona, Professor of Pathology at Universidad 
Catélica de Chile, for helpful and generous advice in microscopical diagnosis. 
Thanks are due also to the technical staff of the Institute including the 
Photographer and Secretary. 
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In a previous publication Horning and Whittick (1954) described the histo- 
genesis of stilboestrol-induced renal tumours in the intact male golden hamster, 
the development of which was first discovered by Matthews, Kirkman and Bacon 
(1947). The object of this present communication is to report the influence of 
unilateral nephrectomy combined with oestrogen treatment, on the development 
and growth-rate of these tumours. 

Hormonal factors determining the successful transplantation of these renal 
neoplasms are also described. 


MATERIAL AND METHODS, 


Male golden hamsters of indeterminate ancestry bred in these laboratories 
were used exclusively in these experiments. 

Sixty-five hamsters, all approximately 6 to 7 weeks of age, had their left 
kidneys removed under anaesthesia. In every instance care was taken during 
the nephrectomy not to damage the adrenal glands, which in the hamster lie in 
close contact with the kidney. Before surgical removal the renal artery, renal vein 
and ureter were ligatured and severed. No animals died during or immediately 
following the operations. Within 4 to 5 weeks after the nephrectomies were com- 
pleted, 21 hamsters 10-12 weeks of age were selected at random and each received 
a subcutaneous implant of a 20 mg. pellet of pure diethylstilboestrol in the region 
of their left flank. Two hamsters of this group died on the 51st and 58th day 
respectively after oestrogen treatment had commenced. Death in both instances 
was due to enteritis. The controls for these experiments consisted of two groups. 
One was composed of the remaining 12 hamsters which had undergone a unilateral 
nephrectomy and were kept untreated. The other group consisted of 21 intact 
normal male hamsters, 10-12 weeks of age, all of which received subcutaneous 
implants of stilboestrol pellets of the same weight as those in the nephrectomised 
group. 

All tissues were fixed either in alcoholic or aqueous Bouin and were stained 
either with haematoxylin and eosin or with a modification of Masson’s light green. 


OBSERVATIONS. 
Macroscopic description. 
Examination of Table I reveals that the stilboestrol-treated nephrectomised 
hamsters developed neoplasia much earlier than those in the treated intact control 
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group and that the difference between the mean durations of treatment of the 
experimental and control series is highly significant. Even those nephrectomised 
hamsters which developed enteritis and had to be sacrificed on the 124th, 133rd 
and 134th day respectively after commencement of oestrogen treatment were 
found to possess small cortical lesions in their remaining kidneys. None of these 
small kidney tumours was palpable, and their presence was only determined at 
post mortem. Small kidney tumours were palpable in the nephrectomised series 
of hamsters as early as the 180th day after treatment, whereas the earliest renal 
lesion that could be palpated in the unoperated control animals was on the 260th 
day after stilboestrol administration. Renal tumours subsequently arose in every 
hamster in the control intact group as well as those in the operated series, with the 
exception of the two which died on the 51st and 58th day of treatment (Table I). 


TABLE I.—Development of Stilboestrol-induced Renal Tumours in Intact and 
Nephrectomised Hamsters. 


Unilateral nephrectomised 
Intact male hamsters. male hamsters. 


Duration of treatment Type of tumour Duration of treatment Type of tumour 
with 20 mg. stilboestrol obtained. with 20 mg. stilboestrol obtained. 


Renal carcinoma. Sub-capsular foci 


Renal carcinoma 


302 ‘ 
Mean = 286-6+ 23-5 Mean = 190-3+4 28-7 
* Two hamsters of this group died on the 5lst and 58th day respectively after oestrogen treat- 
th 


ment had ccinmenced Death in both instances was attribu to enteritis. 


In the early stages of development the tumours were cortical in position. 
They were distributed through all levels of the cortex and those which were sub- 
capsular in position projected from the surface of the kidney (Fig. 1, 2 and 3). 
The size of the lesions did not always depend upon the duration of stilboestrol 
treatment. 

The kidney tumours in both the control and experimental groups of hamsters 
had the same macroscopical appearance. The renal lesions in the control group 
were in every instance both bilateral and multifocal. In the nephrectomised 
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group the remaining single kidney likewise bore multifocal tumours (Fig 1 and 3), 
and these were similar in naked-eye appearance to those in the unoperated series. 

In three instances renal tumours developed on the 213th, 214th and 224th 
day respectively after treatment (Table I), from residual renal tissue which had 
been accidentally left during nephrectomy (Fig. 2 and 4). Two of these hamsters 
developed large tumours which occupied most of the abdominal cavities (Fig. 4). 
There were no peritoneal metastases in either of these animals, nor were there any 


secondary growths in the lymph-nodes, lungs or liver. 


Mi 

Horning and Whittick (1954) have previously shown that the large multiple 
tumour deposits in stilboestrol-treated male hamsters appear to be due to a 
rupture of anteriorly situated renal tumours, the cells of which had become 
implanted on the peritoneum. No metastases, however, developed in any of 
the treatéd control hamsters. Microscopically these renal tumours which arose 
in the nephrectomised animals were similar in their histology to those bilateral 
lesions which developed in the unoperated controls. 

As the histogenesis of these stilboestrol-induced renal tumours was recently 
described in detail by Horning and Whittick (1954), it will only be briefly referred 
to in this communication. 

The tumour foci arise from the epithelium of cortical tubules and grow both by 
expansion and peripheral infiltration. Proliferation from medullary tubules was 
not encountered. These kidney tumours are carcinomatous without any structural 
demarcation between the earliest hyperplastic foci and final malignant states. 
Well-established tumours consist of sheets and cords of compactly grouped cells of 
uniform appearance, solid acinar cell groups bounded by capillaries, or pseudo- 
glandular structures produced by cubical or columnar cells arranged in palisade 
fashion about capillaries. A papillary arrangement also occurs, but tubular 
differentiation is infrequent. In some lesions the tumour cells are spindle-shaped 
often producing a sarcoma-like appearance. 


Hormonal factors determining successful transplantation. 

Many unsuccessful attempts have been made to transplant these induced renal 
tumours subcutaneously into intact hamsters of both sexes and of varying ages. 
Metastatic nodules from the peritioneal surface of the body-wall, diaphragm, liver 
and ascending colon were also grafted both subcutaneously and intraperitoneally, 
but failed to grow in every instance. 

All hamsters bearing tumour grafts were kept alive for a period of six months. 
At the end of that period they were killed and post mortem examination showed 
that the grafted tumour material had in every instance been absorbed by the 
connective tissues of the host. 

The failure of these kidney tumours to grow as either subcutaneous or intra- 
peritoneal grafts was surprising, since they possess all the histological criteria of 
malignant lesions. Consideration was then given to the fact that as these neo- 
plasms are dependent upon high levels of oestrogen for their induction, they 
might also be dependent upon the continued presence of this hormone in excessive 
amounts for sustained growth as transplants. Consequently a large malignant 
lesion which developed in a nephrectomised hamster from a residual piece of renal 
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tissue left behind during the operation was selected for transplantation (Fig. 2). 
Subsequently, histological examination of this growth showed it to be a clear- 
celled renal carcinoma in which mitoses were numerous (Fig. 7). This tumour was 
grafted subcutaneously into intact normal male hamsters, 3 months of age, all 
of which had received a 20 mg. stilboestrol pellet 12 weeks previous to transplan- 
tation. Two of these oestrogen-treated hamsters bearing grafts unfortunately 
died within 3 weeks of the operation. Twenty untreated male hamsters of a 
similar age received grafts of the same tumour, and were kept as controls. 

Small palpable tumours began to appear after 54 months in 4 out of the 8 
remaining oestrogen-treated animals. No tumour nodules could be detected in 
any of the control untreated hamsters which had received tumour grafts. 

Six months after transplantation the hamster bearing the largest of the four 
subcutaneous-grafted tumours was killed. At post-mortem this tumour was found 
to be approximately 1} in. in length and ? in. across. The stilboestrol pellet was 
seen embedded in the connective tissue adjacent to the tumour (Fig. 5). 

This tumour was grafted subcutaneously into oestrogen-treated hamsters only, 
as it had previously failed to grow when transplanted into normal untreated 
animals. After a portion of the grafted tumour had been fixed and the rest 
transplanted, the abdominal cavity of the host-bearing hamster was opened up. 
It was then found that each kidney had developed multifocal sub-capsular lesions 
as the result of stilboestrol treatment (Fig. 6). 

Histological examination of the first generation of this grafted tumour showed 
it to be an actively growing, clear-celled carcinoma with numerous mitoses. 
It was also very similar in structure to the original primary tumour. During the 
following 3 weeks the remaining hamsters bearing the first generation of success- 


fully growing subcutaneous tumour grafts were sacrificed. Portions of the grafted 
tumour were likewise transplanted into hamsters which had previously been 
treated with stilboestrol. Every hamster bearing tumour grafts was found at 


EXPLANATION OF PLATES. 


Fic. 1.—Multifocal renal tumours in the remaining kidney of a nephrectomised stilboestrol- 
treated male hamster. x 1}. 

Fic. 2.—Large renal carcinoma which developed from a residual piece of kidney accidentally 
left duriig a unilateral nephrectomy. The remaining intact kidney has developed sub- 
capsular tumours in response to stilboestrol treatment. x 1}. 

Fic. 3.—Stilboestrol induced multifocal renal lesions which arose in the remaining kidney of 
a nephrectomised hamster. x 1}. 

Fic. 4.—Large renal tumour occupying most of the abdominal cavity in a nephrectomised 
stilboestrol-treated male hamster. The remaining kidney is obscured from view by the 
large carcinoma which arose from a piece of kidney tissue accidentally left during a nephrec- 
tomy. xX 2. 

Fic. 5.—Transplanted kidney tumour growing subcutaneously in a male hamster which had 
been pre-treated with stilboestrol. x §. 

Fic. 6.—The same as in Fig. 5. The grafted subcutaneous tumour has been removed. The 
abdominal wall has been cut away exposing the two kidneys, both of which have developed 
cortical lesions in response to stilboestrol treatment. x §. 

Fie. 7.—Section of primary renal carcinoma, part of which was successfully grafted sub- 
cutaneously into a male hamster which had been pre-treated with stitboestvol xX 325. 
Fria. 8. First generation of serial kidney transplant seen in Fig. 5 and 6. Observe the numerous 
mitoses, and compare with section of primary renal carcinoma seen in Fig. 7. x 325. 
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post mortem to have primary bilateral and multifocal kidney lesions. The depend- 
ence of these transplanted kidney tumours, which are now in their second genera- 
tion of serial transplantation, upon oestrogen for sustained growth is still being 
investigated. 
DISCUSSION. 


In a recent communication Horning and Whittick (1954), working on the histo- 
genesis of experimental neoplasia in the intact male hamster, confirmed the 
interesting observation first described by Matthews, Kirkman and Bacon (1947) 
that prolonged stilboestrol administration induces kidney tumours in these rodents. 
This present investigation on the effects of unilateral nephrectomy on the develop- 
ment and growth-rate of these kidney lesions, together with the hormonal factors 
influencing transplantation, is an extension of this work. These results have given 
some additional information on the mechanism of renal tumorigenesis in oestrogen- 
treated hamsters. 

It has been conclusively shown that renal neoplasia develops more rapidly in 
unilaterally nephrectomised hamsters than it does in the intact controls, and 
furthermore that the difference between the mean durations of treatment of 
the control and the experimental groups is highly significant. 

Why the kidney epithelium of the normal intact male hamster should possess 
this peculiar susceptibility to develop kidney tumours following oestrogen adminis- 
tration, while other species of rodents never develop kidney lesions after similar 
treatment, has never been fully explained, nor has it been clearly understood why 
only males develop kidney tumours under these conditions and the females never 
do. Burrows and Horning (1952) are of the opinion that exposure of the female 
to plentiful amounts of oestrogen during life may possibly cause some degree of 
physiological adaptation. 

When considering the problem of the induction of kidney neoplasia in stil- 
boestrol-treated hamsters, it should be remembered that tumour formation under 
these conditions is intimately associated both with the capacity of the liver to 
inactivate oestrogens circulating in the blood stream and that of the kidney in 
aiding their elimination from the body. Although the liver is the principal site 
of oestrogen inactivation, it has been shown by Schiller (1945) that oestrogens are 
also inactivated by the rat kidney. 

The capacity of the liver to inactivate oestrogens varies considerably in different 
animals. Twombly and Taylor (1942) have demonstrated that slices of human liver 
do so more slowly than rat livers; and Van Wagenen and Gardner (1950) have 
observed that in primates the liver failed to reduce the potency of oestrogen. 

It might be possible that the hamster liver is not endowed with such a high 
capacity as that of the rat and other rodents for inactivating oestrogens, and this 
might be one of the reasons why hamsters develop renal neoplasia and other 
species of rodents do not. 

Experiments are being undertaken to excise a large portion of the liver in 
living hamsters before stilboestrol treatment has commenced, as it has been shown 
by several workers that this operation correspondingly diminishes the inactivation 
of oestrogen (Selye, 1941; Schiller and Pincus, 1944 ; and Segaloff, 1946). If this 
is so, this form of treatment should accelerate the induction of renal carcinoma 
and so give more insight into the réle played by the hamster liver in renal carcino- 


genesis. 


| 
‘4 
Ke 
fo 
f 

¥ 


632 E. 8. HORNING 


Another process intimately associated with tumour induction is the 
elimination of the metabolites of oestrogen from the body by the kidney. 
Much data have been accumulated about the quantities of oestrogens appearing 
in the urine of both men and animals during health and disease. When, for 
instance, steroid oestrogens are given in excessive amounts only some 10 to 20 per 
cent of the material is excreted in the urine as metabolites containing the oestrane 
structure (Shoppee, 1952). Little, however, is known about the prolonged action 
which oestrogenic compounds have on the renal epithelium during this output. 
Pfeiffer, Emmel and Gardner (1940) have reported a slight increase in kidney 
weight in animals treated with oestradiol alone, due to hypertrophy of the tubular 
epithelium. 

Preliminary experiments by Horning (1954) using a carcinogenic hydrocarbon 
have again demonstrated the peculiar susceptibility of the hamster kidney to 
renal neoplasia. The results obtained with stilboestrol suggested the possibility 
that kidney cancer in the hamster might possibly be due to absorbed chemical 
carcinogens acting selectively on the renal epithelium during excretion. Two 
kidney tumours were induced in 15 male hamsters following subcutaneous treat- 
ment with 3:4-benzpyrene. It is of interest to note that these kidney lesions were 
both unilateral and that this particular carcinogenic hydrocarbon also possesses 
oestrogenic activity (Cook and Dodds, 1933). 

The reason why renal tumours arise more rapidly in stilboestrol-treated hamsters 
following a unilateral nephrectomy than in the intact control animals might 
possibly be associated with the fact that the single kidney is unable to deal effectively 
with the elimination of the oestrogenic metabolites. As the hamster renal epithe- 
lium is specially endowed with a peculiar sensitivity to carcinogens, this might be 
a possible explanation of this interesting phenomenon. 

Another interesting finding has been the development of large rapidly growing 
tumours from the residual pieces of renal tissue accidentally left during the unila- 
teral nephrectomies. Experiments are being undertaken to determine whether 
trauma accelerates the induction of renal neoplasia in the stilboestrol-treated 
hamsters. 

It is of further interest to record that the successful subcutaneous kidney 
grafts with stilboestrol-treated hamsters were selected from a tumour which had 
developed at the site of a removed kidney. Two very striking aspects of the 
behaviour during growth of these transplanted renal tumours have been brought 
to light in these experiments. The first is the long latent period which exists 
between the subcutaneous implantation of the grafted kidney tumours and the 
appearance of palpable lesions. Miihlbock (1954, private communication) has 
recently observed that certain transplantable endocrine tumours, of the 
ovary, testes and adrenal gland, take as long as one year before any visible sign of 
growth becomes apparent. 

The second fact is that grafted kidney tumours only grew in oestrogen-treated 
host hamsters, which is important as it indicates that these transplanted renal 
tumours are dependent upon oestrogens for sustained growth. It was also of 
interest to note that these grafted tumours only grew in hamsters which had 
developed renal lesions as the result of stilboestrol treatment. 

The influence of steroid hormones upon the behaviour and growth of certain 
transplantable animal neoplasms has been recorded by several workers (Foulds, 
1947; Gardner, 1948 ; Horning, 1949 ; and Miihlbock, (1954 private communi- 
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cation). Experiments by Gardner (1948) and Miihlbock (1954) have a direct 
bearing on the results obtained by tumour transplantation in the hamster. Gardner 
observed that abnormal amounts of oestrogen were essential for the induction 
as well as the transplantation of chromophobe adenomas of the mouse pituitary. 
Recently Miihlbock (1954, private communication) has found that oestrogen 
induced pituitary tumours will only grow when grafted into mice which have 
already developed spontaneous hypophyseal lesions. Another interesting ex- 
ample is that reported by Bielschowsky et al. (1949). They induced thyroid 
tumours in rats by treatment with methylthiouracil which, like the renal car- 
cinomas in the hamster, possessed all the histological characteristics of malignant 
lesions, and also failed to grow when transplanted into normal healthy rats. 
These workers further found, however, that these thyroid tumours would only 
grow successfully if they were grafted into rats already suffering from a thyroxine 
deficiency. The fact that these transplanted tumours are dependent for growth 
upon an increased output of thyrotropic hormone in the host-bearing rat is an 
important observation. It demonstrates that these particular thyroid tumours 
like the renal carcinomas in the hamster, although malignant neoplasms, cannot be 
considered as autonomous growths. Other similar researches have been described 
by Lipschutz, Iglesias and Vargas (1940). They found that fibroid tumours 
induced by prolonged treatment with oestrogens in castrated guinea-pigs under- 
went rapid regression when the oestrogenic stimulation was withdrawn. The 
behaviour of the primary fibroid lesions described by Lipschutz et al. (1940), as 
well as the hypophyseal tumours reported by Miihlbock (1954, private communi- 
cation) the thyroid tumour of Bielschowsky et al. (1949), together with the trans- 
planted renal carcinomas in the hamster, demonstrates conclusively the depend- 
ence of these tumours upon an endocrine imbalance for sustained growth. Further- 
more, the dependence of these experimental animal neoplasms upon the supply of 
a particular hormone in order to induce and maintain growth is of exceptional 
interest when considering the application of endocrine therapy to the treatment 
of certain forms of cancer in man. 


SUMMARY. 


(1) The influence of unilateral nephrectomy on the development of stilboestrol- 
induced renal tumours in the male golden hamster has been determined. 

(2) Renal carcinomas arose more rapidly in the stilboestrol-treated nephrec- 
tomised group of hamsters than they did in the treated unoperated controls. 
The mean duration of treatment necessary for tumour induction was 190-3 + 28-7 
(days) in the nephrectomised series, compared with 286-6 + 23-5 (days) in the 
controls. 

(3) Hormonal factors essential for sustained growth of transplanted kidney 
tumours into host hamsters are also described. 


I am indebted to Professor A. Haddow and Dr. J. W. Whittick for their advice 
and criticism. 

This investigation has been supported by grants to the Royal Cancer Hospital 
and Chester Beatty Research Institute from the British Empire Cancer Campaign, 
the Jane Coffin Childs Memorial Fund for Medical Research, the Anna Fuller 
Fund and the National Cancer Institute of the National Institutes of Health, U.S. 
Public Health Service. 
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In the course of experiments originally planned to determine whether the 
carcinogenic effect of 20-methylcholanthrene on the breast of suitable strains 
of mice (Orr, 1943, 1946) is also observed with other related hydrocarbons, a group 
of IF mice was treated with an oily solution of 9 : 10-dimethyl-1 : 2-benzanthracene 
(DMB). During the post mortem examination of one of these mice after the ex- 
periment had been in progress for 238 days, a tumour of about 1 cm. diameter 
was found in the left ovary. At this time the experiment contained 8 survivors 
of which another one showed a large ovarian tumour and one showed unequal 
ovaries, with a microscopic tumour in the larger. Unfortunately, the ovaries of 
the remaining 6 were not histologically examined. 

As ovarian tumours had never been observed in methylcholanthrene-treated 
IF mice, it was thought to be of interest to confirm this observation on a larger 
scale. A preliminary note has already been published (Marchant, Orr and Wood- 
house, 1954) and in the present communication the results of the investigation are 
given in detail. Over the same period a further series of experiments with 
methylcholanthrene (8 fortnightly applications) has not yielded any ovarian 
tumours. 


MATERIAL AND METHODS. 


The mice used were from a pure-line strain bred by brother-sister mating 
in this Department (IF/Or : Standardized Nomenclature 1952), derived in the 
first place from the original Bonser IF strain. Those used in the present experi- 
ment belonged to the 9th to the 11th generation of inbreeding in this laboratory. 
In addition, some experiments were done with hybrid mice from IF mothers and 
Strong A or C57 Black fathers. All the experimental mice were virgin females ; 
the total numbers were 43 pure IF, 35 IF x A, and 10 IF x C57. The mice were 
kept in metal boxes, up to 6 in a box, and were fed on rat cubes (Heygate and Sons, 
known as the Thompson diet). A solution of 0-5 per cent DMB in olive oil was 
applied to the surface of the body at fortnightly intervals. An average dose of 
0-25 ml. (= 1-25 mg.) of DMB was applied to a mouse at each treatment in 16 
drops (4 on each side of the ventral and dorsal surfaces). The ages of the mice at 
the time of their first painting ranged from 6 weeks to 4 months. 

Vaginal smears from many of the mice were studied for long periods during the 
course of treatment. In most cases the mice were killed when the appearance of 
breast tumours made it necessary. At autopsy the ovaries of all the mice were 
removed for histological examination. Other organs were examined, and in many 
cases the uterus and breast tissue was taken as well. Tissues were fixed in 4 per 
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cent formaldehyde-saline. Serial sections, or representative sections from several 
different levels, were taken from all the unenlarged ovaries and stained with 
Ehrlich’s haematoxylin and eosin. Other tissues were stained similarly, with 
Weigert’s haematoxylin and van Gieson, and Lawson’s elastin stain. V. 
smears were fixed in alcohol-ether and stained with Shorr’s stain (1941). 
Fragments or suspensions of some of the large ovarian tumours were trans- 
planted into other mice of the same genetic type. They were grafted below the 
skin in male, female and castrated female mice. Attempts were made to do intra- 
testicular grafts in some male mice, but in such cases when “ takes ”’ occurred they 
were found to occupy the subcutaneous tissues of the scrotum, the testis itself being 


free from growth. 
RESULTS. 


The survival rate of the mice was good, and all were still alive after 4 months of 
treatment, when the first ovarian tumour was detected. 
The detailed incidence of tumours is shown in Table I. 


TaBLE I.—Incidence of Ovarian Tumours, by Size and Histological Structure, in 
53 out of 88 Virgin Female IF, IF x A, and IF x C57 Mice. 


Histological structure of tumour. 
Genetic constitution of mice. 


— 

IF IF x A. IF x C57. 

MS H M SH MS H 
A 2.4 1 2 2 « 10 
B = = 9 
Cc 1 3 13 
D « « $8 «= 6 
A+B - § « 5 
A+C = = « 3 
A+D - = « 2 
A+C+D = « « l 
Ta “= 6 2 0 54 


(* = Bilateral tumours in same animal.) 
M = Macroscopic tumour. S = Suspected tumour (inequality in size of ovaries). H = Tumour 


only found after histological examination. 
A = Pseudofollicular structure. B = Cribriform, adenomatous or papillary structure. C = Un- 


differentiated. D = Cysts. And combinations of different types as indicated. 
The total tumours exceed the tumour-bearing mice by one because of the single instance of 
bilateral tumours. 


The incidence and types of tumour did not appear to be different in the pure 
IF and hybrid strains. Of the total 88 mice, ovarian tumours were found in 53, 
i.e. 60 per cent. An obvious tumour was present at necropsy in 23 animals. A 
tumour was suspected macroscopically because of inequality in size of the ovaries, 
though the larger ovary did not exceed normal limits, in 16 animals ; in one 
of these, bilateral tumours were present (the only such example). A tumour was 
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only found after histological examination of the atrophied ovaries in 14 animals. 
In a few instances the tumours were detected by palpation during the life of the 
mouse, but we did not achieve certainty in clinical diagnosis, even for the large 
tumours. 

The 2 earliest tumours were found in IF x A hybrids after 4 months’ treat- 
ment, but the average duration of treatment at the time the ovarian tumour was 
found was the same (7 months) for all three types of mice. No particular signifi- 
cance attaches to this, because the time of killing the mice was determined by the 
state of the coincident breast tumours, the results of vaginal smearing, or the gene- 
ral condition of the animal. The longest survival was 8} months. 


Morbid Anatomy and Histology. 


The tumours might exceed 1 cm. in diameter (Fig. 1). The large tumours 
were generally of a pinkish-grey colour, in contrast with the yellow colour of the 
atrophied ovary of the other side. When necrosis or haemorrhage was present 
they might be dark red, or mottled with yellow or whitish spots and streaks. On 
occasion the tumours have been found adherent to other viscera or to the anterior 
abdominal wall. In the case of cystic tumours the colour of the tumour has 
depended on the contents of the cyst. The relative frequency of tumours in the 
left and right ovaries has been about the same. 

The ovary of the opposite side has always been small, usually various shales 
of yellow in colour, but sometimes greyish. It has sometimes happened that both 
ovaries have been reduced in size, but there has been a manifest inequality in the 
size of the two ovaries. In such cases it has generally been found microscopically 
that there was an early tumour in the larger ovary. After 4 months’ treatment 
no mice were found with ovaries of normal size on both sides; if no tumour were 
present both ovaries were markedly atrophic. 

The uterus was sometimes hypertrophic when an ovarian tumour was present, 
but this was not always the case (Fig. 2). On occasion the uterine hypertrophy 
has been accompanied by distension of the lumen with fluid, and this process 
might be more marked in one horn. 

All the tumours found up to date appear to be of granulosa cell origin. At 
first we had an impression that lutean and thecal tissues participated in the for- 
mation of some of the tumours, but a comparison of the tumour-containing and 
tumour-free ovaries suggested strongly that these tissues did not represent part 
of the neoplastic process. 

The most characteristic feature of the tumours was the formation of pseudo- 
follicular structure closely simulating the structure of a normal Graafian follicle, 
except for the absence of an ovum (Fig. 3 and 4). The cells of which these follicles 
were composed bore a strong resemblance to the cells of the normal membrana 
granulosa, with darkly staining nuclei lacking conspicuous nucleoli and a relatively 
small amount of cytoplasm which generally had a faint haematoxyphile tinge. 
The centre of the follicle might be occupied by thin mucinous fluid (Fig. 5). In 
any given tumour there was great variability in the size of the pseudofollicles and 
not all parts of the differentiated tumours showed pseudofollicular differentiation. 
It is of interest to note that in one case where the original induced tumour did not 
show pseudofollicular differentiation (Fig. 6), first generation transplants showed 
prominent unmistakable follicular differentiation (Fig. 7 and 8). Pseudofollicular 
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structure was present in 23 of the 54 tumours ; in 13 of these it was combined with 
other types of structure. 

Some of the tumours showed adenomatous or, more frequently, cribriform 
structure similar to that which is seen in many human granulosa-celled tumours 
(Fig. 9). Occasional examples of papillary structure have been met with, and 
some of the tumours or parts of them showed no evidence of differentiation at all. 

Mucoid degeneration was a prominent phenomenon in many of the tumours, 
the cells becoming swollen and thereafter tending to disappear and become 
replaced by mucoid fluid (cf. Fig. 6). Some of the cysts found in tumours appeared 
to have developed in this way. In another type of cystic tumour, which was 
occasionally seen, the cysts were lined by cuboidal epithelium similar to the ger- 
minal epithelium of the ovary and many of the loculi contained blood or blood 
clot (Fig. 10). In such tumours granulosa-celled tissue of pseudofollicular or 
cribriform structure might be seen between the cysts. In an IF x Strong A 
hybrid a curious cystic tumour was seen in which the multilocular cysts were lined 
by flattened cells and contained eosinophile material (Fig. 11). 

The recognition of the earlier tumours offered great difficulties. In the midst 
of otherwise more or less completely luteinised ovary there might be seen small 
foci composed of darker cells (Fig. 12 and 13). Such dark areas generally showed 
follicular orientation of the cells, and had the structure therefore of a small ano- 
vular follicle or group of anovular follicles. It is at present impossible to assert 


EXPLANATION OF PLATES. 


Fic. 1.—Granulosa-celled tumour of left ovary. IF mouse. It can be seen immediately outside 
the lower pole of the left kidney, and shows two haemorrhagic spots on its surface. No 
uterine hypertrophy. 

Fie. 2.—Granulosa-celled tumour of right ovary. IF x C57 hybrid. The tumour, a haemor- 
rhagic one, can be seen below the right horn of the uterus, backed by a white card. Both 
uterine horns show great hypertrophy and the right horn is distended with mucus. The 
left ovary is extremely atrophic. Mammary cancers in the left axilla and abdominal wall. 

Fig. 3.—Granulosa-celled tumour. IF x C57 hybrid. Pseudofollicular and cribriform 
structure. x 65. 

Fic. 4.—Granulosa-celled tumour. IF mouse seen in Fig. 1. Pseudofollicular structure. x 110. 

Fic. 5.—Granulosa-celled tumour. IF mouse. Pseudofollicular structure with mucoid 
degeneration of centres of follicles. x 245. 

Fic. 6.—Granulosa-celled tumour. IF mouse. Cribriform structure. Diffuse mucoid de- 
generation of one part. No pseudo-follicular structure, but cf. transplants of this tumour in 
Fig. 7and 8. x 300. 

Fic. 7.—Transplant of tumour seen in Fig. 6 to scrotum of male IF mouse. Cribriform, with 
suggestion of pseudofollicular structure. x 140. 

Fic. 8.—Another part of the graft illustrated in Fig. 7. Pseudofollicular structure manifest. 
x 135. 

Fic. 9.—Granulosa-celled tumour. IF mouse. Cribriform and adenomatous structure. x 170. 

Fic. 10.—Cystic tumour. IF mouse. The cyst is lined by cuboidal epithelium and contains 
blood, but between the loculi can be seen pseudofollicular granulosa-celled tumour. x 37. 

Fic. 11.—Cystic tumour. IF x A hybrid. Large loculi containing mucoid secretion and lined 
by flattened cuboidal cells. No identifiable granulosa tissue was found in this tumour, but 
it functioned cestrogenically. x 35. 

Fic. 12.—Early granulosa-celled tumour in diffusely luteinised ovary. IF x A hybrid. 
x 55. 

Fira. 13.—Early granulosa-celled tumour in ovary showing numerous corpora lutea and diffuse 
luteinisation with a few atretic follicles. IF mouse. x 48. 

Fic. 14.—? Mast cells in a luteinised ovary. If x A hybrid. Stained toluidine blue. x 270. 

Fia. 15.—Luteinised ovary containing a small granulosa-celled tumour and a fibrous scar, part 
of which is ossified. IF mouse. x 80. 

Fic. 16.—Successful transplant of granulosa-celled tumour to scrotum of male IF mouse. 
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that these lesions are early tumours, and the very small ones have been excluded 
from the data in Table I, but, in view of the absence of all follicles except atretic 
follicles from the rest of the ovary, there appear to be strong grounds for regarding 
these lesions as the starting point of the tumour process. 

Tumours which had become adherent to adjacent structures showed a pro- 
portion of fibroblastic granulation tissue around their peripheries. There were no 
obvious differences detected between the structure of the tumours in pure IF 
mice and those in IF x A and IF x C57 hybrids. 

As has already been stated, both ovaries from all the animals in these experi- 
ments were examined histologically. No normal ovaries have been found. The 
changes in the contralateral ovaries of tumour-bearing animals and those in both 
ovaries of the tumour-free animals were of the same general nature. The most 
striking findings were the complete absence of viable follicles and the replace- 
ment of most of the theca by lutean tissue. The lutean tissue might be arranged 
in corpora, and consist of cells with eosinophile cytoplasm giving a positive perio- 
dic-acid-Schiff Teaction. These corresponded with the corpora lutea most fre- 
quently observed in normal mouse ovaries, and are regarded as the youngest 
identifiable lutean tissue. Other corpora lutea consisted of cells of the same size, 
but with clear cytoplasm. A third group were composed of much larger cells with 
brownish pigmented cytoplasm containing granules ; the general cytoplasm, but 
not the granules, gave a positive Prussian blue reaction for iron. These last two 
types of corpus luteum were much more numerous than in normal mice, and we 
are inclined to regard them as older than the usual type. In addition to the cor- 
pora, there was much diffuse luteinisation of the substance of the ovary, most 
often with the clear type of cell, but also to some extent with the large pigmented 
cells. We have not seen any convincing example of neoplastic lutean growth ; 
lutean tissue is strikingly absent, for instance, from the larger tumours. 

The germinal epithelium of the atrophied ovaries was of a cubical or low colum- 
nar shape. It seems possible that the reason for this may have determined by 
the shrinkage in size of the ovary as a whole. Most of the ovaries contained 
atretic follicles devoid of epithelial lining or showing, at the most, a few discon- 
tinuous degenerated cells and containing a little colloid debris. By the time the 
neoplastic phase was reached no evidence of normal maturing Graafian follicles 
was ever found in the IF mice or hybrids. 

One other feature which was noted in many of these ovaries, but which did 
not appear to be related to tumour formation, was the presence of numerous large 
granular cells randomly scattered throuphout the ovary (Fig. 14). The granules 
of these cells were strongly haematoxyphile and so closely crowded together that, 
on low power inspection under the microscope, the first impression given was that 
they consisted of deposits of stain. They could be compared with the tissue mast 
cells of the mouse, such as those found in the dermis. They were equivalent to 
the latter in size, gave a metachromatic reaction with toluidine blue and a variable 
result with the periodic-acid-Schiff reaction. 

In a few ovaries loose fibrous scars were found. These generally consisted 
of widely-spaced spindle cells, fibrillary collagen and a thin mucoid matrix. The 
possibility that they represented tumours of the theca was considered, but dis- 
carded in view of their apparent inactivity of growth. In one such lesion ossifi- 
cation had occurred (Fig. 15). The most likely view of their origin seems to be that 
they represented a further change in corpora lutea, possibly analogous to the 
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formation in other species of corpora albicantia, which are not seen in the normal 
mouse ovary. 
Association of oestrogen activity with ovarian changes. ; 

In 43 cases where the vaginal smears were studied from the beginning of DMB 
treatment the history of the oestrogen activity followed one of three main courses: 

(i) After a brief period of normal oestrus cycling, the periods of dioestrus 
became longer and oestrus periods much less frequent until the latter eventually 
disappeared after about 4 or 5 months’ treatment. 

(ii) Some mice followed roughly the same history as group (i) with dioestrus 
periods becoming longer and oestrus sometimes disappearing altogether, but, 
instead of remaining in an anoestrus state until death, oestrogen activity appeared 
again about the 7th month and the mouse remained in a more or less permanent 
state of oestrus until death. 

(iti) After a brief period of normal cycling the oestrus phases of the cycles 
. became longer and the dioestrus phases less frequent until the mouse was in a more 
or less permanent state of oestrus from about 4 months until death. 

Of 20 mice whose oestrus history followed course (i) above (showing a gradual 
disappearance of oestrogen) 13 showed yellow atrophied ovaries at death and no 
trace of tumour microscopically. Histology often revealed small lutein cells not 
arranged in corpora, some large vacuolated cells sometimes containing pigment, 
many atretic follicles and prominent germinal epithelium. An early tumour 
nodule was found in 5 mice, and cysts in 2. One mouse, which was only smeared 
for 18 days before death, showed no oestrogen activity, but had a granulosa-celled 
tumour over 1 cm. diameter in the right ovary. Apart from this mouse and 
one with a 4 mm. haemorrhagic cyst in one ovary, all mice having a long anoestrus 
period immediately before death had atrophied ovaries. 

Seven mice had a pattern of vaginal smears which followed course (ii) (a 
diminution of oestrogen activity, sometimes to the extent of complete disappear- 
ance, followed by a rise or reappearance and maintainance of the animal in a 
more or less permanent state of oestrus). Six of these mice were found to have 
granulosa-cell tumours in one ovary, and one had a blood-filled ovarian cyst. 
The tumours in this group were of all sizes, from those only demonstrated histolo- 
gically to those over 1 cm. diameter. 

Ten granulosa cell tumours occurred amongst the 16 mice whose oestrus history 
followed course (iii), showing an increase in oestrogen activity until the mouse was 
in a more or less permanent state of oestrus. Tumours in this group were, again, 
of all sizes. It included one mouse (Fig. 11) containing a mucoid cyst in one ovary, 
and there were 2 mice which had ovaries unequal in size (but not enlarged) in 
which no tumour nodule was found. The remaining 3 mice in this group showed 
very doubtful early tumour changes, not included as such in Table I. 

Table II gives the incidence of ovarian tumours in mice showing no oestrogen 
activity immediately prior to death and those showing some activity irrespective 
of its duration. The comparison indicates a high degree of correlation between 
oestrogen activity and the presence of tumours. 


Transplantability of the tumours. 
Four of the larger tumours arising in the pure IF mice were transplanted 
subcutaneously into other mice of the same strain. Two did not grow but the 
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TaBLE II.—Relation between Presence of Ovarian Tumours and Oestrogen Activity. 


Oestrogen activity. No oestrogen activity. Totals. 
Ovarian tumours present 39 9 48 
Ovarian tumours absent 9 24 ‘ 33 
48 ‘ 33 ‘ 81 


x? = 236 P < 0-001. 


other 2 did. They were carried through another transplant successfully, but failed 
to grow after the third subcutaneous transplant. These tumours showed a pre- 
ference for growth in male mice (Fig. 16). 

Two tumours arising in IF x A hybrids were transplanted into similar hybrids 
of both sexes, but neither of them grew. 

One tumour arising in an IF x C57 hybrid was transplanted into similar hybrids 
of both sexes and into pure IF mice, both males and castrated females. It grew 
successfully in hybrids of either sex and in one castrated female IF mouse. The 
second transplant failed 

In cases where the transplant was successful, the tumour took about two 
months to grow to a size of about 1 cm. diameter. The successful transplants 
included tumours of both the pseudofollicular and cribriform types. In one 
example, where the original tumour showed only cribriform structure, the first 
generation transplant showed pseudofollicular structure. 

There appeared to be no correlation between the transplantability of the tumours 
and their oestrogenic activity. 


Incidence of mammary carcinoma. 

Mammary carcinoma was induced during the course of the experiments in 
65 of the mice, including the pure IF strain animals and both types of hybrid. 
All the animals may be presumed to have been free from the Bittner agent, and 
the histological structure of the mammary tumours was that of the chemically 
induced rather than the agent type (Orr, 1951). It is rather surprising that the 
incidence of mammary tumours does not significantly differ between mice with 
and without ovarian tumours, as is shown by a x? test on the data of Table III. 
If acomparison is made on the basis of the presence or absence of oestrogenic activity 
as determined by vaginal smears, a similar result is obtained (Table IV). Ona 
quantitative basis, the number of breast tumours in individual mice bearing 
ovarian tumours varied between 0 and 5 with, an average of 1-33 ; the correspond- 
ing range in mice without ovarian tumours is 0 to 5, with an average of 1-48. 
It would therefore appear that the presence of detectable oestrogenic function is 
not necessary for the induction of breast carcinoma with DMB. It is known that 
castration will protect IF mice from the chemical induction of breast cancer with 
methylcholanthrene and will prevent the appearence of breast cancer in other 
strains carrying the Bittner agent. Corresponding data for DMB are not available. 


DISCUSSION. 
Chemical induction of ovarian tumours. 


Many papers have been published on the induction of ovarian tumours in rats 
and mice by exposure to a sterilising dose of X-rays, or by grafting a piece of ovary 
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ames IlI.—Relative Incidence of Mammary and Ovarian Tumours in 88 IF, 
IF x Aand IF x C57 Mice. 


Mammary tumours Mammary tumours Totals. 


present. absent. 
Ovarian tumours present. ‘ 38 ‘ 15 
Ovarian tumours absent 27 8 35 
65 23 88 


x? = 032. P>05. 


TaBLE IV.—Relation Between Presence of Breast Tumours and Oestrogen Activity. 


Oestrogen activity. No oestrogen activity. Totals. 
Breast tumours present . 36 25 61 
Breast tumours absent . 12 8 ‘ 20 
48 33 81 


x’? approximately 2. P > 0-10. 


to a site, such as the spleen, which is drained through the liver. The latter method 
is often accompanied by parabiosis of the grafted animal to a castrated animal. 
There are reports of experiments in which administration of a carcinogenic substance 
appeared to increase the rate of development of ovarian tumours by one of the above 
methods, but the chemicals alone were ineffective in producing tumours. Furth 
and Boon (1947) showed that the time of appearance of tumours in X-rayed mice 
was reduced from 9 months to 5 months by painting with methylcholanthrene. 
In 1951, Bielschowsky and Hall found that ovarian tumours could be produced 
in only 15 weeks in intact female mice treated with acetylaminofluorene and 
parabiosed to gonadectomised litter-mates, while in intact parabionts without 
acetylaminofluorene no tumours were found (though a suspicion of one was found 
in a pair surviving 42 weeks). 

Engelbreth-Holm and Lefevre (1941) refer to ovarian tumours occurring in one 
out of 44 dilute brown and one out of 20 Aka mice treated with DMB. As far as 
we are aware, the results reported here are the first to indicate that tumours of 
the ovary can be induced in significant numbers by treatment of an animal with 
a chemical compound alone. 


X-ray induction of ovarian tumours. 

Changes in the ovaries of adult, non-parous female mice after irradiation were 
first described by Brambell and Parkes (1927). They found that the odcytes 
degenerated and disappeared after 5 weeks, and no new follicles were formed. 
The granulosa and theca interna cells of some of the large follicles divided to fill 
the follicle cavity and then the whole structure became merged with surrounding 
tissue to form a mass of large vacuolated cells. A few follicles became cystic. 
Corpora lutea were found in all the animals. These showed signs of retrogression 
with shrinkage, vacuolation and fusion of the luteal cells. 

Later changes leading to the development of ovarian tumours were noted by 
Furth and Butterworth (1936), Butterworth (1937) and Traut and Butterworth 
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(1937). They found that after about 150 days of degeneration, the germinal 
epithelium proliferated and invaginated to form a sort of adenoma with no hor- 
monal activity by about 300 to 400 days. Granulosa-cell tumours were considerd 
to arise from surviving granulosa cells in a partially degenerated follicle. 
Luteomas occurring in some of the mice were believed to have originated as 
granulosa-cell tumours. Both these latter types of tumour produced oestrogen. 
Geist, Gaines and Pollack (1939) produced similar types of tumour with similar 
oestrogenic properties, but they thought that the tumours arose from a single- 
stem cell in the ovarian parenchyma. The descriptions and photographs of 
granulosa-celled tumours of all these authors resemble ours, but unlike most of 
them we have not satisfied ourselves that we have produced any tumour which 
could be described as a luteoma. 


Ovarian tumours in intrasplenic grafts. 

In 1944 Bigkind and Biskind found that implantation of the ovaries of a 
rat into its spleen was followed by the development of tumour-like masses of 
granulosa cells about 300 days later. The same result was obtained by the intra- 
splenic grafting of 2 single ovary if the other were removed. In 1948 they found 
that if one ovary were left in situ the grafted ovary atrophied, whilst the intact one 
underwent compensatory hyperplasia. If the intact ovary were removed later 
the grafted one subsequently enlarged and appeared to be luteinised. No tumours 
occurred in ovaries grafted to, or adherent to sites not drained through the liver. 

In the histogenesis of tumours formed from intra-splenic grafts of ovary in a 
castrate rat or mouse there is first inflammation. Then a few follicles develop and 
luteinise, but do not involute. In a few months the graft is a large mass of corpora 
lutea with a few scattered follicles. A nest of luteal cells then begins to grow and 
push aside the corpora lutea, and no more follicles form. In the resulting luteoma 
further changes sometimes occur. After 10 months or so nests of small cells appear 
and grow to form granulosa-cell tumours. Oestrus vaginal smears were usually, 
but not always, associated with granulosa-cell tumours (Biskind and Biskind, 
1949). 

It would therefore appear that in all the known methods of inducing ovarian 
tumours there is the common factor of an extensive reduction or disappearance 
of follicular tissue prior to the emergence of tumours. This is particularly evident 
in the case of our DMB experiments, where usually no viable follicles were present 
apart from the neoplastic pseudofollicles. In a few cases a very small number of 
abnormal follicles was present ; these tended to be grouped together in one small 
area of the atrophied ovary, were always of the anovular type, and raised the 
difficulty in interpretation of whether they were to be regarded as defective 
surviving follicles or incipient tumours. Histological survey of our material as 
a whole strongly suggests that disappearance or atresia of the normal follicles 
preceded rather than followed the development of tumours. 


Hormonal theory of ovarian tumour induction. 

As a result of their experiments in 1944 Biskind and Biskind put forward the 
following hypothesis of hormonal induction of these tumours. The transplanta- 
tion of the ovaries to the spleen resulted in drainage of the oestrogens produced by 
them into the liver, where they were destroyed. The consequent lack of circulat- 
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ing oestrogen resulted in an increased discharge of gonadotrophic hormones from 
the pituitary, which in turn enhanced the growth of granulosa cells. 

This theory has received much support, and Li and Gardner (1949) showed that 
no tumours developed in castrates with intra-splenic grafts of ovary if they were 
receiving oestradiol or testosterone, but progesterone did not inhibit tumour pro- 
duction. Intact ovarian function has also been shown to inhibit the growth of 
tumours in irradiated ovaries (Kaplan, 1950). Miller and Pfeiffer (1950) demon- 
strated increased gonadotrophin production in castrated mice with intra-splenic 
ovarian grafts by parabiosis experiments. These results have been expanded by 
Miihlbock (1951a). 

The latent period of induction of the ovarian tumours is similar with X-rays 
and intrasplenic ovarian grafts. It is of the order of 9 or 10 months, but this 
period can be shortened in a way designed to destroy the circulating oestrogen 
more efficiently. Miihlbock (1953) has shown that the time of induction was 
decreased by parabiosing the X-rayed or grafted mouse to one or more castrated 
mice. The induction time was reduced in some cases to 3} months when two 
castrates were used. 

It is difficult to conceive what is occurring in the mice treated with dimethyl- 
benzanthracene. One could imagine that the pituitary mechanism may be in- 
volved in those mice whose history of oestrogen activity follows course (ii)—where 
oestrogen activity gradually disappeared altogether for a long period and suddenly 
reappeared, usually on the development of a small nodule of granulosa cell tumour. 
The long period of anoestrus would cause an increase in the gondadotrophic 
activity of the pituitary, which would in turn stimulate surviving granulosa cells. 
But what of the mice whose history followed course (iii)—where the oestrus 


phases gradually became longer and eventually permanent? In these mice there 
should be a corresponding decrease of pituitary gonadotrophins, yet many tumours 
arose in mice of this type. 


Transplantability of the ovarian tumours. 

Furth (1946) found that 13 of 21 attempts to transplant X-ray-induced ovarian 
tumours in mice succeeded, of which 11 were carried serially. Continued oestrus 
occurred in castrated or intact females bearing the tumours, and in the males 
the testes and seminal vesicles atrophied: Changes were also seen in the thymus 
of some of the mice, and there was frequent cavernous dilatation of liver, spleen 
and adrenal sinusoids. There were metastases to the liver and lung. 

Tumours induced in intra-splenic grafts appear to be less malignant (Furth 
and Sobel, 1947) and may not be neoplastic in the accepted sense. Apart from 2 
tumours which became neoplastic, subcutaneous fragments of the induced tumours 
failed to grow. Seven out of 44 would only grow in the spleens of castrates, but 
subcutaneous grafts in castrates or splenic grafts in non-castrates never grew. 
An intra-splenic ovarian tumour induced by Li (1948) in a castrate male was 
transplantable into castrate mice. 

In our attempts to transplant tumours induced with dimethylbenzanthracene 
we were successful in 3 out of 7 cases. The transplants grew subcutaneously and 
2 of them appeared to prefer to grow in males. We have not succeeded in growing 
them for more than two passages so far, and have not studied the hormonal 
aspects of the problem yet, but it can be stated that some of them will take in 


intact females. 
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Mammary tumours. 

It has been shown that there is no significant correlation between the occur- 
rence of mammary tumours and the presence of either ovarian tumours or hor- 
monal activity. The IF strain and hybrids are particularly susceptible to the 
chemical induction of breast cancer apart from the Bittner agent, and up to the 
present we have been unable to make a similar comparison in other strains. 
In strains we have used which carry the Bittner agent the mammary tumours 
tended to appear very early, necessitating the killing of the mice before fully 
adequate time had elapsed to obtain reliable evidence on the ovarian reaction. 
Furth and Butterworth (1936) induced ovarian tumours with X-rays in three 
different strains of mice and found that the strain producing the largest number 
of ovarian tumours also had the highest breast tumour incidence. They do not 
give information on the degree of coincidence of breast and ovarian tumours 
in individual animals within this strain, and it should be remembered that their 
work preceded the discovery of the Bittner agent. Miilbock (1951b) X-rayed 
two strains of mice, dilute brown freed from the Bittner agent by Caesarean section 
and fostering, and C57 black (low breast-cancer and free from agent). He also 
used F, hybrids between the two strains. Granulosa-cell tumours occurred in 
the hybrids and in the dilute brown strain, but not in C57 blacks. It would appear 
however, that the agent-freed dilute brown mice no longer yielded mammary 
cancer, as the only change described in the breast is acinar hyperplasia indicating 
oestrogenic activity by the ovarian tumours. 


Spontaneous ovarian tumours in mice. 

We have never encountered spontaneous tumours of the ovary in any of 
the three strains employed in these experiments. Strong, Gardner and Hill 
(1937) found a granulosa-cell carcinoma in a non-irradiated EBA mouse which 
was transplantable into 32/99 mice over 7 transplants. The tumours caused 
continued oestrus from the 51st day in transplanted females. The mammary 
glands of males with grafts hypertrophied. Strong, Hill, Pfeiffer and Gardner 
(1938) report another ovarian tumour in a mouse which was transplantable into 
intact males 100 per cent, castrated males 45 per cent and less than 5 per cent in 
females, indicating that this tumour required androgenic support. 


SUMMARY. 


Ovarian tumours have been found in 53 out of 88 virgin female mice treated at 
fortnightly intervals with an oily solution of 9 : 10-dimethyl-1 : 2-benzanthracene. 
The incidence does not significantly differ as between pure-strain Bonser IF mice 
and first generation hybrids derived from crossing IF females with Strong A or C57 
Black males. 

All the tumours appeared to be of granulosa-celled origin. Luteomata did 
not occur, although there was extensive luteinisation of the non-neoplastic ovaries. 

Vaginal smears demonstrated some association between the presence of tumours 
and oestrogenic activity. 

Some of the ovarian tumours are transplantable into intact females as well as 
males and castrated females. 
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The treatment also leads to mammary carcinoma, but its incidence is of the 
same order in mice without ovarian tumours as when they are present. 

The results are compared with previous methods of inducing ovarian tumours 
by X-radiation or intrasplenic grafting. 


This work was supported by the Birmingham Branch of the British Empire 
Cancer Campaign. 
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Cancer of the bladder is an occupational hazard in the dyestuffs industry 
and is undoubtedly induced in man by aromatic amines including /-naphthyl- 
amine and benzidine.. Although f-naphthylamine does not normally produce 
cancer of the bladder in rats or rabbits it does so in dogs (Hueper, Wiley and 
Wolfe, 1938 ; and Bonser, 1943), but only after treatment for three years or more. 
The metabolism of £-naphthylamine is quantitatively different in rats and dogs : 
in dogs it is mainly excreted as 2-amino-1-naphthylsulphuric acid (Wiley, 1938), 
but in rats and rabbits the main products are derivatives of 6-amino-2-naphthol 
(Dobriner, Hofmann and Rhoads, 1941), although rats do excrete some 2-amino- 
1-naphthylsulphuric acid (Manson and Young, 1950). The difference in suscepti- 
bility to the carcinogenic action of #-naphthylamine has often been thought to 
be due to the difference in metabolism of the amine (e.g. Boyland and Weigert, 
1947) in different species. This explanation of the species differences was made 
more probable by the demonstration that 2-amino-l-naphthol induced cancer 
when implanted into the bladders of mice (Bonser, Clayson and Jull, 1951). 

More recent experiments have given results which suggest that this explanation 
of the difference in susceptibility of different species must be modified. Thus 
rats excrete about half of the injected f-naphthylamine in the form of derivatives 
of 2-amino-l-naphthol (Manson, personal communication). Investigations of 
the enzymes present in urine (Boyland, Wallace and Williams, 1954) suggest 
that the differences may be due to the different amount of free aminophenol 
liberated within the bladder. The amount of aminophenol liberated in urine 
will depend upon the period during which the urine remains in the bladder and 
the activity of urinary enzymes acting on the detoxified aminophenol excretion 
products. 

Dunning, Curtis and Maun (1950) showed that whereas rats dosed with 2-acet- 
amidofluorene on a normal high protein diet developed cancer of the liver and 
ear, if the protein were replaced by a casein hydrolysate and dl-tryptophan, 
then most of the rats developed cancer of the bladder. Now dosing of the rats 
with tryptophan produces a tenfold increase in the rate of tryptophan meta- 
bolism in the liver, probably owing to an enzyme adaptation (Knox and Mehler, 
1951). One of the steps in tryptophan metabolism is the conversion of kynurenine 
into hydroxykyurenine, which is the oxidation of an aromatic amine to an o-amino- 
phenol, analagous to the oxidation of #-naphthylamine to 2-amino-1l-naphthol 

ig. 1). 

f£-Naphthylamine may therefore be metabolised to derivatives of 2-amino-1- 
naphthol which is carcinogenic (Hueper, 1938 ; Bonser, Clayson and Jull, 1951), 
by the enzymes involved in intermediary metabolism of tryptophan. The addi- 
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NH OH OH 
ea NH, NH, NH, 
— —_ 
CH,CHCOOH COCH,CHCOOH COOH 
H, NH, 
Tryptophan. Kynurenine. Hydroxykynurenine. 3-Hydroxyanthranilic 


acid. 


8-Naphthylamine. 2-Amino-1-naphthol. 
Fie. 1. 


tion of tryptophan to the diet may be expected to change the metabolism of the 
aromatic amines so that more o-aminophenolic derivatives are formed. The 
possibility that the corresponding o-aminophenols are the proximate carcinogenic 
agents of some amines has been discussed by Walpole, Williams and Roberts 
(1952) and Bonser, Clayson, Jull and Pyrah (1952). 

With these hypothetical considerations in mind the carcinogenic action of 
2-acetamidofluorene, £-naphthylamine and benzidine was tested on rats main- 
tained on a diet containing casein and on a diet in which casein was replaced 
by a casein hydrolysate and dl-tryptophan. Bladder carcinomas occurred in 
most of the rats treated with acetamidofluorene on the casein hydrolysate- 
tryptophan diet, but were rare in the other groups of rats. 


EXPERIMENTAL. 


Six groups each of 10 female Wistar rats were maintained on the six diets 
shown in Table I until they appeared to have some type of tumour or until death. 
The diets used resembled those used by Dunning, Curtis and Maun (1950). 

Of the rats dosed with acetamidofluorene in a normal diet (Table II) 4 died 
in less than 200 days with no evidence of neoplastic change. The other 6 animals 


TABLE I.—Composition of Diets (as percentages by weight). 


Diet Number. 

— 

3. 2 3. 4. 5. 6. 
Unhydrolysed casein . - 25 25 25 0 0 0 
Acid hydrolysed, trypto- 

phan-free casein. - 0 0 0 23 23 23 

Salt mixture — 4 4 4 4 4 4 
Cellu flour 2 2 2 2 2 2 
Dextrin 53 53 53 53 53 53 
Margarine 16 16 16 16 16 16 
dl-tryptophan 0 0 0 2 2 2 
Oil mixture . 0-4 0-4 0-4 0-4 0-4 0-4 
Choline chloride 0-2 0-2 0-2 0-2 0-2 0-2 
Vitamins . 0-02 0-02 0-02 0-02 0-02 0-02 
Acetamidofluorene 0-045 0 0 0-045 0 0 
Benzidine . 0 0-017 0 0 0-017 0 
B- naphthylamine 0 0 0-067 0 0 0-067 


Oil mixture : 96-3 per cent halibut liver oil + 3-7 per cent a-tocopherol. 
Vitamin mixture: Aneurin 10 per cent, nicotinic acid 10 per cent, betiavin 20 per cent, calcium 
pantothenate 50 per cent, pyridoxine 10 per cent. 
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all had tumours either of the liver, groin or ear, but only one rat which lived for 
480 days had a bladder papilloma. 


Survival 
time in 


TaBLe II.—Rats on Acetamidofluorene (Diet 1). 


Abnormalities seen in organs. 


Bladder. 
None 


Collapsed. Bladder 
epithelium normal. 
Collapsed. Very early 


Liver. 


Fatty degeneration. 
Bile duct regeneration. 
Hepatoma with large 
cystic foci. 

Early bile duct carcinoma. 


Large haemorrhagic foci. 
Early bile duct carcinoma. 


Other organs. 
Carcinoma in left groin. 


Squamous-celled carcinoma 
on right ear. 
Squamous-celled carcinoma 
on neck, 


papilloma formation. 
No evidence of infil- 
tration of bladder 
wall. 


By contrast the rats dosed with acetamidofluorene on the diet containing 
casein-hydrolysate and 2 per cent dl-tryptophan in place of casein (Table IIT) 


488 


488 


572 


628 


TaBLE ITI.—Rats on Acetamidofluorene and Tryptophan (Diet 4). 
Abnormalities seen in organs. 


Bladder. 
Distended. Normal epithelium. 
Normal. 
Carcinoma. t papil- 
loma projects into cavity of 
viscus. Infiltration of bladder 
wall. One side of muscular 
wall is a tubular columnar- 
celled carcinoma. 

Carcinoma. Very malignant 
transitional celled infiltrating 
muscle. 


Carcinoma infiltrating bladder 
wall and occluding lumen of 
bladder. Some areas show 
squamous metaplasia. 

Papilloma infiltrating into mus- 
cle in one region. 

Carcinoma. Tubular - celled 
growth, infiltrating muscle of 
the bladder wall. 

Very malignant, 
celled carcinoma. 

Early papillomatous formation 
with no infiltration of bladder 
walls. 

Malignant papilloma projecting 
into the cavity of the viscus. 
Many malignant cells in divi- 
sion. In one region there is a 
diffuse infiltration of the blad- 
der wall. 


transitional 


Liver. 

Fatty degeneration. 

Early bile duct carcinoma. 

Regeneration of bile duct 
epithelium. Large cystic 
foci filled with blood. 
Some areas show a focal 
necrosis. 


Early bile duct carcinoma. 
Consisting of i 
acini lined by cubical 
columnar cells. 

Bile duct carcinoma. 


Hepatoma. Several large 
haemorrhagic foci. 

Hepatoma, also carcinoma 
of bile duct epithelium. 


Hepatoma. 


Bile duct carcinoma. 


Large focus of infection 
accompanied by mobili- 
sation of polymorphs ; 
fatty degeneration in 
some areas, and many 
of the hepatic cells have 
responded by dividing. 


Other organs. 
Brain meningeoma. 


days. 
480. 
ry 
‘ 
483. 
532. 
545. . - 
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only one rat died in less than 480 days. Of the remaining 9 rats, 8 had tumours 
of the urinary bladder, and of these 6 were malignant carcinomata and 2 papillo- 
mata. The nature of these tumours is shown in Fig. 2-4. Seven of these rats 
also had liver tumours, 2 of which appeared to be early bile-duct carcinomata. 
None of these rats had tumours of the external auditory meatus, but the first 
animal to die had a meningeoma of the brain. 

Rats on the diets containing benzidine with casein (Diet 2, Table IV) died 
between 93 and 224 days of the commencement of treatment. In view of the 


TABLE IV.—Rats on Benzidine (Diet 2). 


Survival time Abnormalities seen in organs. 
Bladder. Liver. Other organs. 

104 . None. . Fatty degeneration and regeneration . — 
of bile ducts: 

119 Infected. None. — 

126 ‘ Fatty change and regeneration 
of bile ducts. 

127 ‘ Infected. ‘ None. ‘ — 

150 . Early hyperplasia. . Fatty degeneration and regeneration . —_ 
of bile ducts. 

178 Infected. Fatty degeneration and bile duct 

carcinoma. 

199 Normal. ‘ Fatty generation and bile duct 
regeneration. 

224 Fatty infiltration and bile duct 
regeneration. 


other results it seems probable that these animals did not live long enough to 
develop bladder tumours although 2 developed liver tumours. Although 3 of 
the rats dosed with benzidine on the casein hydrolysate-tryptophan diet (Table V) 


TABLE V.—Rats on Benzidine and Tryptophan (Diet 5). 


Abnormalities seen in organs. 
Survival time 

in days. Bladder. Liver. 
202 None. Carcinoma, 
236 None. Early cholangioma. 
254 Fatty degeneration and bile 

duct regeneration. 

305 ‘ ‘ 
331 None. None. 
424 . Early squamous hyperplasia. js Bile duct carcinoma. 


EXPLANATION OF PLATE. 


Carcinoma of the bladder induced by treating albino rats with 
acetamidofluorene for 488 days. 


Fic. 2.—Malignant papilloma of the bladder. The tumour has projected into the viscus, 
and in some areas has undergone squamous changes. x 110. 

Fic. 3.—Carcinoma infiltrating the submucosa. x 110. 

Fie. 4.—Actively growing carcinoma, illustrating an area which had infiltrated the smooth 
muscle of the bladder wall. x 225. 
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lived more than 300 days none developed bladder tumours, but 2 of the group 
had liver tumours. 

Of all the rats dosed with f#-naphthylamine (Tables VI and VIII) 12 rats 
lived for over 700 days, but only one was seen with a papilloma of the bladder. 
With f-naphthylamine treatment and the casein hydrolysate-tryptophan diet 
(Table VII) 4 rats out of 12 were seen with hepatoma, whereas in the /-naphthyl- 
amine group on the casein diet only one hepatoma was seen out of the group of 
9 rats which survived more than 100 days. The “ casein hydrolysate-tryptophan 
diet ’’ may therefore have increased the carcinogenic action of /-naphthylamine 
on the liver. 


TaBLe VI.—Rats on £-Naphthylamine (Diet 3). 


Survival Abnormalities seen in organs. 
days. Bladder. Liver. Other organs. 
707 Papilloma. Fatty infiltration. Early bronchogenic 
carcinoma. 
735 None. None. ° 
735 . None. ° Slight fatty .  Lungcarcinoma. Adrenal 
degeneration. medulla haemorrhagic. 
769 Slight proliferation. Hepatoma. 
of epithelium. 
770 ° None. . Fatty degeneration. . Thyroid distended with 
colloid. 


TaBLe VII.—Rats on £-Naphthylamine and Tryptophan (Diet 6). 
Abnormalities in organs. 


in days. Bladder. Liver. Other organs. 
571 Some squamous None. Infected lung. 

metaplasia. 
605 None. ‘ Abscess in lung. 
720 ” Subcutaneous fibroma. 
782 ° - ‘ None. ‘ Many acini in thyroid distended 
with colloid. 


The results with acetamidofluorene suggest that the casein hydrolysate- 
tryptophan diet protected the liver from the action of the carcinogen. Such a 
protective effect has been seen with antithyroid drugs (Paschkis, Cantarow and 
Stasney, 1948) and with thyroidectomy, (Bielschowsky and Hall, 1953). Since 
the effect of the tryptophan diet might have been due to an antithyroid action 
the effect of the diet on the thyroid glands of rats was examined. The results 
(Table VIII) show that the casein hydrolysate-tryptophan diet produced some 
enlargement of the thyroid gland, but thiouracil caused much greater enlargement 
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of the thyroid gland. These experiments (Table VIII) showed also that the 
rats on the casein hydrolysate-tryptophan grew very slowly, so that the protective 
effect on the liver might be analogous to that observed by restriction of food 
intake. 


TaBe VIII.—The Effect of Different Diets on Growth and Thyroid Weights of Rats. 


Body weight of rats Thyroid (mg. per 100 g. 
(g-). body wt.). 


Commence- Weight in 
Duration Number ment of mg./100 g. 
in of rats experi- body 
Diet. days. used, ment. > weight. 


Control . 7 . 1 . 208-8 6-22 
Diet 1 without acet- -» 94-8 7-36 
amidofluorene . S 94-8 6-76 


2% tryptophan + 
acid’ hydrolysed 
casein ‘ 208-9 

Diet 2 without acet- . . 97-5 
amidofluorene 97-5 

2% tryptophan + { 93-7 


Diet 1 without 
acetamidofluorene 93-7 


0-033% 4 methyl- 
thiouracil+-Diet 1 { ‘ ; 96-9 - 20-4 13-7-32-2 


without acet- 
amidofluorene 96-9 25-9 16-5-38-7 


P = Probability of the significance of the difference from the control series. 


DISCUSSION. 


The results confirm the findings of Dunning, Curtis and Maun (1950) in 
showing that the replacement of casein of the diet of rats treated with acetamido- 
fluorene with a casein hydrolysate and dl-tryptophan caused bladder tumours. to 
develop. The cause of this change in the site of the tumour induction is not 
obvious. One possibility is that the casein hydrolysate with tryptophan reduced 
the carcinogenic action of the acetamidofluorene on the liver and auditory meatus 
so that the animals lived long enough for bladder tumours to be induced. This 
idea is supported by the fact that the mean duration of life was 506 days in the 
“tryptophan ” group and only 237 days in the “ normal diet” group, and that 
one rat killed after 488 days had no liver tumour and 2 others killed after 483 
and 488 days appeared to have only early bile-duct carcinomata. All the rats 
on the normal diet were dead before any bladder tumours were found in the 
“ tryptophan ” group. 

The complete absence of bladder tumours in rats (except for rats of the 
Copenhagen and AXC strains) treated with acetamidofluorene in this series 
and in other reports on the effect of this carcinogen on normal diets suggests 
that the “tryptophan” diet may have a positive action in causing bladder 
cancer. This is supported by the results of Dunning, Curtis and Maun (1950) 
in which 22 out of 23 rats dosed with acetamidofluorene and tryptophan developed 
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bladder tumours, the mean induction time being 400 days when the diet contained 
1-4 per cent tryptophan and only 320 days when the diet contained 4-3 per cent 
tryptophan. 

The fact that six of the rats on the “ tryptophan ” diet with £-naphthylamine 
lived for over two years without developing bladder cancer would indicate that 
dl-tryptophan itself is not carcinogenic towards the bladder. On the hypothesis 
that ortho-aminophenolic compounds cause cancer of the bladder, tryptophan 
might be suspected because animals dosed with large amounts of tryptophan 
excrete 3-hydroxyanthranilic acid and hydroxykynurenine. 

The effect of the tryptophan in modifying the carcinogenic action of acetyl- 
aminofluorene may be due to— 

(1) Summation of carcinogenic stimuli of acetamidofluorene metabolites and 
tryptophan metabolites. 

(2) The tryptophan or tryptophan metabolites cause some hyperplasia of the 
bladder analogous to the effect of thiouracil in causing acetamidofluorene to 
induce tumours of the thyroid gland. 

(3) Modification of the metabolism of acetamidofluorene so that more bladder 
acting carcinogen is formed. 

(4) The casein hydrolysate-tryptophan diet might have an effect similar to 
that of a restricted diet or an antithyroid drug in protecting the liver from the 
carcinogenic action of acetamidofluorene. 

Of these hypotheses the first seems unlikely because weak carcinogenic or 
inactive related substances generally inhibit carcinogenic action. The last two 
hypothetical mechanisms seem most probable and are being further investigated, 
but it is conceivable that acetamidofluorene itself has a direct carcinogenic action 
and the metabolites have a remote effect. 


SUMMARY. 


Eight out of 10 rats dosed with acetamidofluorene in a diet in which the 
protein was replaced by an acid casein hydrolysate and 2 per cent dl-tryptophan 
developed tumours of the urinary bladder. Four rats treated with #-naphthyl- 
amine with the same diet developed liver tumours, while only one hepatoma 
occurred in the rats treated with f-naphthylamine on a normal diet. 


We are indebted to Mr. Davidson Pratt of the Association of British Chemical 
Manufacturers, and to the British Drug Houses Ltd., for help in the supply of 
dl-tryptophan used in these experiments. This investigation has been supported 
by grants to the Royal Cancer Hospital and Chester Beatty Research Institute 
from the British Empire Cancer Campaign, the Jane Coffin Childs Memorial 
Fund for Medical Research, the Anna Fuller Fund, and the National Cancer 
Institute of the National Institutes of Health, U.S. Public Health Service. 
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Tuis is the third of a series of reports on an experiment in which | mg. methyl- 
cholanthrene in 0-1 c.c. sesame oil was injected subcutaneously into the right 
flank of a number of two-months-old mice, belonging to the inbred strains CBA 
and NBT and to 10 inbred generations of their reciprocal hybrids beginning with 
F,. A further 2 generations of untreated hybrids were raised, and the controls 
were the corresponding 12 generations of untreated mice of the same descent, 
originating from the untreated F, litter-mates of the injected hybrids as already 
described (Miller and Pybus, 1954a). In both groups of injected hybrids there 
were some litters from F, onwards which were not injected and not bred from ; 
these served as further controls. The reciprocal hybrids were named the CBA/ 
NBT or CN, and the NBT/CBA or NC strains ; the prefix M was used to denote 
the injected groups and the uninjected descendants of injected mice. After 
injection, the mice of each pure strain were bred from, for one generation only, to 
give the M/NBT F, and M/CBA F, groups, this generation remaining untreated. 
During the period of the experiment there were available as pure strain controls 
254 females and 295 males of the CBA strain, and 309 females and 363 males of 
the NBT strain. 

At one time the incidence of sporadic mammary tumours in the CBA strain 
was about 5 per cent, but latterly had declined.. The NBT mice, although derived 
from the high mammary tumour Simpson strain, had never had a high incidence 
of breast cancer and had produced no case since the seventeenth generation ; 
NBT mice from Generations 28 and 29 were used as parents of the hybrids, and 
mice from Generations 28 to 30 were injected, in the present experiment. During 
the period of the experiment no mammary tumours appeared in the untreated 
mice of either inbred strain. Both inbred strains were believed to lack the milk 
factor, but had been proved to be susceptible to its influence (Miller and Pybus, 
1944, 1945). The origin of the mice used in the present work was given in detail 
in a previous communication (Miller and Pybus, 1954a). 

Throughout this paper, the word “tumour” without qualification denotes 
“mammary tumour” and the incidences are based in all cases on the effective 
numbers of mice, i.e. the numbers alive in each group at the time of discovery of 
the earliest mammary tumour in that group. As will be seen from the various 
tables, many mice in all groups and especially in the injected groups died before 
reaching tumour age. “Tumour age ” is subject to the qualification mentioned 
in the previous communications (Miller and Pybus, 1954a and 19545) since, 
although a superficial tumour, the neoplasm could not be identified for certain 
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until the mouse was killed and the tumour sectioned ; mice were allowed to live 
as long as possible in order that remote effects of the carcinogen might be dis- 
covered. Owing to the large numbers of mice in the experiment, tumours, 
especially in later generations, were charted only at death instead of at their first 
appearance, but the mice of all groups were equally subject to this error, and the 
“tumour ages ” in the different groups are therefore legitimately comparable and 
are an indication of the relative susceptibilities of the different groups. 

Since this paper deals with mammary tumours, and no instance of a male 
mouse with this type of tumour occurred during the experiment, the numbers 
of mice given refer only to females. 


RESULTS. 


Pure strains.—There were no tumours in the treated M/CBA mice or in their 
untreated daughters. There was one tumour (1-7 per cent) at the age of 5 months 
in an M/NBT mouse, and one (1-2 per cent) at the age of 17 months in an unin- 
jected daughter (M/NBT F,) (Table I). 

Reciprocal hybrid strains.—Tumours appeared in all groups of hybrids, the 
CN and the reciprocal NC, and the treated M/CN and M/NC groups (Table I). Of 
the total of 99 tumours hybrid mice, only 14 were breeders; in the Simpson 
(otherwise Marsh Buffalo) strain, virgin and breeding females have similar tumour 
incidences (Bischoff, 1945 ; Miller and Pybus, 1945). 


1. Control hybrid groups. 

Table I shows the tumour incidences and the ages at death of tumorous and 
non-tumorous mice in the various groups. In the 12 generations of CN hybrids 
there were 10 mice with breast tumours (1-965 per cent) in a total of 509 females of 
15 months and over (15 months being the earliest age at which a tumour was found 
in this group), at an average age of 24-9 months (o = 4-4); the latest tumour 
occurred at 30 months. As shown in Table II, 8 of these cases appeared in F, and 
F,, where the incidences were 5-6 per cent (3 in 54 F, mice) and 3-9 per cent 
(5 in 127 F, mice) respectively, and the remaining 2 in F, and F,,. 


TaBLE I.—Incidence of Mammary Tumours in Untreated and Methylcholanthrene- 
injected Female Mice of Two Inbred Strains and their Reciprocal Hybrids. 


Non-tumorous mice. 


Number of mice. 
at death Age at death 
Total in Tumorous mice. months). (months). 
experi- Effective A 
Strain and Generations. ment. number. Number. Per cent. Average. Range. Average. Range. 
M/CBA injected . 51 0 0-0 
M/CBA F, uninjected 168 0 0-0 
/NBT ‘ 59 59 1 1-7 5:5 5°5 
M/NBT F, uninjected 81 36 1 2-8 17-0 17-0 
CN controls F,-F,, " - 697 509 10 20 . 24-9 15-0-30-0 22-9 15-0-34-0 
455 7 - 28-7 026-0 . — 
¥F,-F, 418 267 2 0-7 - 20-5 15-0-26-0 
M/CN uninjected 438 356 1 0-3 11-0 14-9 :11-0-25-0 
M/CN injected F,-F,, . a 538 283 18 6-4 . 173 9-0-25-5 14°8 9-0-28-0 
NC controls F,-F,,; 575 532 22 11-0-29-5 21-8 11-0-36-0 
Fe-Fi: ‘ 517 475 16 3-4 . 193 11-0-26-0 
F,-F, 290 258 7 2-7 . 18-9 13-0-24-0 
M/NC uninjected 855 450 6 1:3 | 243 21-0-27-0 23-6 21-0-29-0 
M/NC injected F,-F,, . - 669 570 42 7-4 17:1 6-0-28-0 10-8 6-0-31-0 
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In the 12 generations of NC hybrids (Table I) there were 22 cases of breast 
cancer (4-135 per cent) in a total of 532 females of 11 months and over, at an 
average age of 21-1 months (o = 4-8). The earliest tumour in this group was 
found at 11 months and the latest at 29-5 months. Table IT shows that again the 
majority of cases appeared in F, and F, (6 in 57 F, mice or 10-5 per cent, and 
6 in 105 F, mice or 5-7 per cent), the remainder being scattered through the other 
generations, 3 occurring in F; (7-9 per cent, in 38 mice). 


TaBLeE II.—Incidence of Mammary Tumours in Each Generation of CN 


and NC Hybrids. 
CN. NC. 
Number of mice. Tumorous mice. Number of mice. Tumorous mice. 
Total in Total in 
experi-~ Effective experi- Effective 
ment. number. No. Per cent. ment. number. No. Per cent. 
F, 58 54 3 5-6 58 57 6 10-5 
F, 145 127 5 3-9 109 105 6 5-7 
F, 41 33 0 0-0 55 54 2 3-7 
F, 37 28 0 0-0 63 58 1 1-7 
F, 33 23 0 0-0 42 38 3 7-9 
F, 29 21 0 0-0 48 43 1 2-3 
F, 24 16 0 0-0 24 22 0 0-0 
F, 38 31 0 0-0 50 47 1 2-1 
F, 42 33 1 3-0 39 33 1 3-0 
Fy 59 37 0 0-0 33 27 0 0-0 
Fu . 66 30 1 3-3 26 21 1 4°8 
Fis . 76 0 0-0 28 27 0 0-0 
Totals : 
F,-F,, . 697 509. S10 2-0 575 532 22 4-1 
F,-F,, . 639 455 . 7 1-5 517 475 16 3-4 
F,-F,, . 418 a +s 2 0-7 290 258 7 2-7 


The differences of 2-17 per cent in the tumour incidences (twice the standard 
error of the difference = 2-12) and of 3-8 months in the average tumour ages 
(oq = 1-7) in the reciprocal hybrids were both statistically significant. The 
total NC group therefore had a mammary tumour incidence more than twice that 
of the total CN group, and tumours appeared nearly 4 months earlier in the NC 
mice. In both groups, as shown in Table I, the non-tumorous mice lived to about 
the same age as the tumorous mice. 

In both groups the tumour incidences were higher in F, than in F,, but not 
significantly so. In the preceding paper of this series (Miller and Pybus, 19545) 
it was pointed out how a possible contamination of some uninjected F, mice could 
have taken place by contact with, or by licking, their injected litter-mates. 
There was no means of telling which mice might have been contaminated, nor 
whether the amount of carcinogen transferred was always sufficient to induce 
neoplasms ; in the case of lung tumours there was good reason to believe that the 
quantity was enough, but in the case of forestomach papillomata it seemed to be 
inadequate. In the present instance, since both groups were equally subject to 
such possible contamination in F,, a comparison between the incidences in the 
reciprocal F, mice would still be valid : in fact, owing to the small numbers, this 
difference was not significant, and the difference between the reciprocal F, tumour 
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incidences was also not significant. But for purposes of comparison with the 
injected groups the incidences in the untreated F, mice must be omitted from the 
totals for these control groups. Both Tables I and II, therefore, show the total 
incidences also for F, to F,,; the difference between these totals of 7 in 454 CN 
mice (1-538 per cent) and 16 in 475 NC mice (3-368 per cent) was not significant 
(d = 1-83, 2 x SE = 2-02), but the NC group still had the higher incidence of 


spontaneous tumours. 


2. Uninjected M/CN and M/NC groups. 

In the M/CN and M/NC groups there were many mice from F; onwards, as well 
as the whole of F,, and F,,, which were not injected. As shown in Table I the 
total incidence of breast cancer in these two groups was very low. In the unin- 
jected M/CN mice (Table III) there was one case of breast cancer (at the age of 
11 months) in the 82 F,, females surviving to that age, an incidence of 1-2 per cent 
in that generation and, as there were no other cases in the group, of 0-281 per cent 
in the 356 females of all generations living to 11 months and over. 


TaBLE III.—Incidence of Mammary Tumours in Uninjected M/CN and M/NC 
Hybrids. 


M/CN. M/NC. 
Number of mice. Tumorous mice. Number of mice. Tumorous mice. 
Generation. Total in Total in 
experi- Effective experi- Effective 
ment. number. No. Per cent. ment. number No. Per cent. 
F, 41 38 0 0-0 28 16 0 0-0 
F, 4 3 0 0-0 102 72 0 0-0 
F, 19 16 0 0-0 77 46 2 4°3 
F, 33 31 0 0-0 42 29 3 10-3 
F, 49 40 0 0-0 34 13 1 7-7 
Fy 52 45 0 0-0 82 43 0 0-0 
- 108 82 1 1-2 150 59 0 0-0 
Fi. 132 101 0 0-0 340 172 0 0-0 
Total . 438 356 1 0-3 855 450 6 1-3 


In the uninjected M/NC group (Table III) the earliest tumour was seen at 21 
months, and tumours were found in F,, F, and F,, giving a total of 6 in 450 females 
(1-333 per cent) living to 21 months and over, at an average age of 24-3 months. 
There were no tumours in F,, and F,,. 

In both groups the average age at death of non-tumorous mice was such that 
there was adequate opportunity for the production of tumours, but the M/NC 
mice lived 9 months longer than the M/CN. The total tumour incidence in the 
uninjected M/NC hybrids was not significantly greater than that in the uninjected 
M/CN group (d = 1-052, 2 x SE = 1-213). 

Since the mice of these two groups belonged to F; to F,,, a comparison was 
made with the corresponding generations of untreated controls CN and NC 
(Table I). In the CN hybrids there were 2 tumorous mice in the 267 females 
in F, to F,,, an incidence of 0-749 per cent ; this is in statistical agreement with 
the incidence of 0-281 per cent in the uninjected M/CN mice. In the NC hybrids 
there were 7 tumorous mice in the 258 females in F, to F,,., an incidence of 2-713 per 
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cent ; this is in statistical agreement with the incidence of 1-333 per cent in the 
uninjected M/NC group. 


3. Injected hybrid groups. 

In the injected hybrids, compared with the controls, the tumour incidence 
was raised and the tumour age lowered in both groups (Table I). In the M/CN 
group there were 18 tumorous mice in 283 living to 9 months and over, an incidence 
of 6-36 per cent, at an average age of 17-3 months (¢ = 4-5). The earliest 
tumour was found at 9 months, the latest at 25-5 months. Table IV shows 
that the majority of tumours appeared in the first 2 generations, 4 cases in 
28 F, females (14-3 per cent) and 9 in 64 F, females (14-1 per cent). 

Compared with the CN mice (minus F,), the increase in the tumour incidence 
from 1-538 per cent in CN to 6-36 per cent in M/CN was significant, (d = 4°822, 
2 x SE = 3-122), as was the lowering of 7-6 months in tumour age (a, = 1-7). 

In the M/NC group (Table IV) there were 42 tumorous mice in 570 surviving 
to the age of 6 months and over (7-368 per cent) ; the earliest tumour was seen 
at 6 months and the latest at 28 months, the average tumour age being 17-1 
months (o = 4:1). Unlike the CN, NC and M/CN groups, tumour incidence 
remained high in all but 2 generations (F; where there were no tumours and F, 
where the incidence was 3-7 per cent) and varied in the other generations from 
6-8 per cent in F, to 12-5 per cent in F, (3 tumours in 24 mice). 


TaBLE IV.—Incidence of Mammary Tumours in Each Generation of M/CN and 


M/NC Hybrids. 
M/CN. M/NC. 
Number of mice. Tumorous mice. Number of mice. Tumorous mice. 
Total in Total in 
experi- Effective experi- Effective 
Generation. ment. number. No. Per cent. ment. number. No. Per cent. 
F, 47 28 4 14-3 51 44 3 6-8 
F, 134 64 9 14-1 122 108 8 7-4 
F, 45 35 2 5-7 33 27 l 3-7 
F, 59 27 0 0-0 107 95 7 7-4 
F; 58 38 3 5-3 60 48 0 0-0 
F, 12 8 0 0-0 49 40 3 7-5 
F, 25 ll 0 0-0 84 77 6 7-8 
F, 53 24 1 4-2 31 24 3 12-5 
F, 39 21 0 0-0 62 48 4 8-3 
Fyo 66 27 0 0-0 70 59 7 11-9 
Total . 538 283 18 6-4 669 570 42 7-4 


Compared with the NC group, the lowering of the tumour age by 4 months 
(from 21-1 to 17-1 months) (07, = 1-2) and the raising of the incidence from 3-368 
per cent in NC (minus F,) to 7-368 per cent in M/NC were both significant (d = 
4-0, 2 x SE = 2-746). 

Comparing the two groups of injected hybrids, the difference in average tumour 
ages of 0-2 months was not significant. The difference in tumour incidences of 
1-0 per cent was ‘also not significant. It appears that the large dose of methyl- 
cholanthrene had wiped out the differences in tumour age and incidence seen in 
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the untreated control hybrids. A similar obliteration (of a sex-difference) was 
described by Strong (1943) in connection with induced lung tumours. 

A comparison was made of the incidences in the early generations of injected 
and control hybrids. In F,, the difference of 8-7 per cent between M/CN (4 
tumour mice in 28, or 14-3 per cent) and CN (3 in 54, or 5-6 per cent) was not signi- 
ficant, and neither was the difference of 3-7 per cent between M/NC (3 tumorous 
mice in 44, or 6-8 per cent) and NC (6 in 57, or 10-5 per cent) ; it will be noticed 
that in the first case the injected and in the second case the uninjected animals 
had the higher incidence. In the reciprocal F, groups, the injected mice had the 
higher incidence in both cases: the difference of 10-2 per cent between M/CN 
(9 tumorous mice in 64, or 14-1 per cent) and CN (5 in 127, or 3-9 per cent) was 
significant, (d = 10-2,2 x SE = 9-4), but the difference of 1-7 per cent between 
M/NC (8 tumorous mice in 108, or 7-4 per cent) and NC (6 in 105, or 5-7 per cent) 
was not significant. 

It was explained previously (Miller and Pybus, 1954a and 19546) that the first 
hybrid generation was the result of a series of crosses between different sub-lines 
of the 2 inbred parent strains and there was the possibility of genetic divergence 
between these sub-lines due to undisclosed mutations within them. The great 
majority of M/NC mice came from the cross between Sub-lines C and P. Offspring 
from the same cross formed part of the NC group, and their incidence of mammary 
tumours was analysed: in the 24 F, mice there were 3 with tumours (12-5 per 
cent), an incidence higher than, but not significantly different from, that of M/NC 
F, ; in the 47 F, mice there were 2 with tumours (4-3 per cent), giving a difference 
of 3-1 per cent compared with M/NC F, (7-4 per cent) which, although larger than 
the difference of 1-7 per cent obtained between M/NC F, and the whole NC F,, 
was still not significant, possibly owing to the small numbers available, but the 
trend supported the result obtained in the F, of the reciprocal hybrid group. 
In the remainder of this section of the NC group there were 2 tumorous mice in 
the 12 in F, but none in later generations, giving a total of 7 tumorous mice in 
120 of 11 months and over (5-8 per cent) in F, to F,, or, omitting F,, 4 in 96 mice 
(4-2 per cent). On account of the small numbers involved, both these incidences 
are in agreement both with the incidence in the remainder of the NC group, with 
or without F,, and also with the total incidence in the M/NC group. 


The Site of Tumours. 


The fact that the majority of breast tumours in injected mice appeared at a 
considerably later age than the majority of tumours (of other types) induced at the 
site of injection suggests that the induction of the former was not purely a 
direct effect of the carcinogen on the tissues concerned. This is borne out by 
an analysis of the sites of the mammary tumours. 

In the injected hybrids, most of the induced local subcutaneous tumours were 
sarcomata, but, amongst those examined histologically, 12 proved to be mam- 
mary carcinomata. Three of the mice with these local mammary tumours also 
had remote breast tumours, 2 on the right side and one on the left. (A mammary 
carcinoma in the third or fourth glands on the right side was considered to be at 
the site of injection, which was the right flank of the animal ; tumours in Glands 1, 
2 and 5 on the right side were considered to be remote, as were all those on the left 
side). 
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There were 60 cases of breast tumours, including these 12, amongst the injected 
hybrids. Apart from those with tumours at the site of injection, 27 had tumours 
on the left side, 15 on the right side and 6 bilateral. This is to be compared with 
the control hybrids (CN, NC, uninjected M/CN and uninjected M/NC) where there 
were 17 cases on the left side, 17 on the right side and 4 bilateral (plus 1 at site 
unrecorded) (Table V). These distributions do not differ significantly from one 
another. Had the action of the carcinogen been a direct one on the mammary 
tissues, a preponderance of tumours on the right side might have been expected, 
being nearer the site of administration of the carcinogen ; tumours arising on the 
left side could then have been ascribed to direct subcutaneous seepage of the 
chemical. 


TABLE V. Siatensinamans of Mammary Tumours according to Site in Injected and 


Control Mice. 
Numbers of tumorous mice. 
M/CN. M/NC. 
Location. CN injonted. uninjected. NC. injected. uninjected. 
Right side . ‘ 8 0 ‘ 7 8(?) 2 
Left side 2 9 0 & 4 
Bilateral 0 1 1 ‘ 3 ‘ 5 0 
Totals . 10 18 1 21(') ‘ 42 6 


(‘) = plus 1 case site not recorded. 
(?) = plus 2 mice with tumours also at site of injection. 
(*) = plus 1 mouse with tumour also at site of injection. 


Histology. 

All the usual types of mammary carcinoma were observed in the present 
series of tumours. Some (about one-third) of the spontaneous tumours, usually 
in older animals, were mainly of the scirrhous type, and squamous metaplasia was 
seen in a few spontaneous tumours in mice of various ages, the youngest being 
11 months old. The proportion of scirrhous tumours was not increased in the 
injected mice, but there were several instances of mixed sarcoma-carcinomata, 
a type not seen in the spontaneous tumours ; 6 of these were remote tumours, the 
other 2 being at site of injection. Evidence of lactation was seen in 3 induced 
tumours and in 1 spontaneous tumour. Tumours showing squamous metaplasia 
were very much more frequent in the treated mice, 13 being seen, compared with 
3 in spontaneous cases, the youngest injected mouse to show this type being only 
6 months old. In all these respects, the present series of tumours agreed with the 
findings of Andervont and Dunn (1950). 


DISCUSSION. 


The parent strains used in this investigation were believed to lack the milk 
factor, but were known to be susceptible to its influence. The NBT strain was 
derived by selection and inbreeding from the Simpson Strain 3 (Pybus and Miller, 
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1938) which is known to have possessed the milk factor (Miller and Pybus, 1945). 
When the Simpson strain came to this laboratory, it was known to have passed 
through a phase of cage-breeding ; therefore, in order to obtain a homozygous pure 
line as quickly as possible, it became customary to mate the mice (brother to 
sister) when quite young, to take only two litters as a rule from each breeding 
female, and to breed from the first of these. From what is now known about the 
milk factor (Bittner, 1942 ; Miihlbock, 1950) it seems that no better method could 
have been devised either for getting rid of that agent or at least for keeping it in an 
attenuated state. This may be the explanation of the progressive decrease in 
mammary tumour incidence in later generations of the Simpson strain, as also 
in its derivative NBT strain. It is possible therefore that the NBT mice were not 
absolutely agent-free ; the agent might have been present in a very attenuated 
form and capable of showing itself only in a very favourable environment, 
produced (as suggested by Dmochowski, 1953) by a change in the genetic 
constitution of the animals. 

The CBA strain was bred in this laboratory by a similar method. This strain 
may either lack the agent completely or possess it in a still more attenuated state. 
Cases of breast cancer have never been at all frequent in the strain and in recent 
generations have disappeared completely. Recent work on the presence of hyper- 
plastic nodules in the mammary glands (Miller and Pybus, 1952) confirms the 
absence or very low potency of the agent. 

The total incidence of breast cancer in the 12 generations of the reciprocal 
hybrids between these 2 inbred strains was higher than that in either parent strain, 
and the total incidence in the NC group was significantly greater than that in the 
CN group. The crucial test for the effective presence of the milk factor would have 
been a comparison of the F, incidences but, owing to the unfortunate possibility 
of contamination of some of the untreated F, mice of both crosses by contact with, 
or by licking their injected litter-mates (as already described (Miller and Pybus, 
1954b)), this comparison is valueless from this point of view (since some of the 
tumours might have been induced by the carcinogen), although both groups of F, 
were equally subject to the contamination. In fact the F, tumour incidences of 
5-6 per cent in CN and 10-5 per cent in NC do not differ significantly ; as the number 
of cases of breast cancer were so few in each generation, quite large differences 
in percentage incidence are not statistically significant. The question of the 
possible réle of the milk factor in the present work must therefore remain open. 

The evidence for the transfer of enough methylcholanthrene to the untreated 
F, mice to induce mammary cancer, although not so striking as in the case of lung 
tumours (Miller and Pybus, 1954), is convincing. When the total tumour inci- 
dences in the corresponding injected and control reciprocal hybrids were compared, 
it was found that the incidence was raised and the tumour age lowered in the treated 
mice by amounts which were statistically significant. But there was no signifi- 
cant difference between the tumour incidences in the CN and M/CN F, mice, or 

‘between the NC and M/NC F, mice. Tumour incidences in the injected F, animals 
were higher than those in the corresponding untreated F, mice, although significantly 
so only in the M/CN, compared with the CN, hybrids. In both groups of control 
hybrids, tumour incidences were higher in F, than in F, although not significantly 
so. The genetic variability of F, and later generations makes the interpretation of 
these results difficult, especially with relatively small numbers. 

It is already known that methylcholanthrene can induce breast cancer both 
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by direct and remote application. Bonser (1940) obtained local mammary 
tumours by subcutaneous injection of this carcinogen in 2 low-incidence strains, 
and Orr (1943, 1946, 1951) was able to induce tumours remotely by administration of 
the carcinogen intranasally and to the surface of the skin. Andervont and Dunn 
(1950) obtained mammary cancer in agent-free DBA;/2 females by rotated percu- 
taneous applications of methylcholanthrene, and later (Andervont and Dunn, 
1953) reported the production of mammary tumours in the same strain by giving 
a high dose of the same carcinogen by stomach tube. In their earlier work 
(Andervont and Dunn, 1950) they showed that whereas the smaller doses produced 
more mammary tumours than leukaemia, the reverse was the case for the largest 
dose. Strong and Williams (1941) reported only 3 cases of remote induction 
compared with 42 at the site of injection, but the proportion of remote tumours 
increased later, and Strong (1945) stated that he had raised the incidence of 
mammary carcinoma from sporadic cases to a steady 60 per cent in his NHO 
strain as a result of the previous long-continued series of injections. 

No evidence was obtained from the present experiment that the effect of 
methylcholanthrene in enhancing the tumour incidence was transmitted to the 
uninjected descendants of the injected mice. No cases of breast cancer appeared 
in the very large F,, of the M/NC group where there were 340 uninjected females, 
of which 172 were “ effective,” i.e. alive at 21 months (lowest tumour age in this 
group), and descended from 10 generations of injected mice. Strong’s (1945) 
hypothesis of a genetic mutation induced by the carcinogen cannot be supported 
by the results of the present work. 

The question of hormonal stimulation does not appear to enter into the develop- 
ment of the mammary tumours obtained in the hybrids ; only 14 of the 99 mice 
with breast cancer were breeders. Hormonal stimulation never played a dominant 
part in the origin of mammary carcinoma in the Simpson mice, where it has 
been shown (Miller and Pybus, 1945; Bischoff, 1945) that the incidence in 
breeder and virgin mice is practically the same, with a slightly higher incidence 
in the latter. Twelve of the 14 tumour-bearing breeders were injected animals. 
Kirschbaum et al. (1944) found that the percutaneous application of methyl- 
cholanthrene accelerated the appearance of mammary tumours in breeding 
females of a high breast cancer strain, but were unable to state definitely the 
effect on virgins of the strain. 

Of the three predisposing factors for mammary carcinoma there remains that 
of the inheritance of a genetic susceptibility. The incidence of spontaneous 
tumours in the reciprocal hybrids was higher than that in either parent strain at 
the time of the experiment and was of the same order as that obtained by Ander- 
vont and Dunn (1948) (17 in 359 mice) for all their hybrids between strains known 
to be agent-free. Andervont and Dunn (1948) concluded that the occurrence of 
tumours in a small number of their hybrids was evidence that the milk agent may 
not be essential for the production of all mouse mammary tumours, and that 
inherited tendencies together with hormonal stimulation were predominating 
influences in the origin of their tumours. The tumours in their experiment, like 
those in the present instance, arose at a late age, the averages varying from 21 to 28 
months. 

In the present investigation no breast cancer mouse in either cross had a 
tumorous mother, but there were several instances of 2 sisters with spontaneous 
tumours, and a study of the heredity charts does suggest the presence of some 
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inherited factor or factors. This was especially so in one sub-line of the NC 
hybrids: 2 F, sisters were mated with their brother, one pair producing 2 
tumorous F, daughters in a total of 7, after which this line was discontinued : from 


the other pairing there was one tumorous F, female (in 11) ; there were no tumours } 
in the next 2 generations (of 11 and 12 females) but in F; there were 2 cancerous } 
sisters in 11 females ; in F, (6 mice) and F,, (6 mice) there were no tumours, but in 

F, (10 mice) there was one tumorous female ; there was again a gap of 2 tumour- 


free generations (of 4 and 6 mice), but in F,, (10 mice) there was one tumour, and 
in F,, there was none in 9 mice. Another F, brother-sister mating in the same 
sub-line produced one tumour in 8 F, females, but this line was not continued ; 
there were also 2 F, mice in this sub-line which had tumours, one of these mice 
having been injected and the other a suspect for contamination. Apart from the 
induced tumour which appeared at 14 months and one in F; at 15 months, all 
these tumours were seen at ages of from 17 to 29 months. Omitting the F, 
cases, the incidence in this sub-line was therefore 7-2 per cent (8 tumours in 111 
mice). The parents of this sub-line belonged to Sub-line B of NBT and to Sub- 
line R of CBA (Miller and Pybus, 1954a). The same B x R cross contributed to | 
the first 5 generations of M/NC hybrids ; there were in this section 8 tumour mice 
(1 in F,, 4in F,, 3 in F,) at ages of from 11 to 23 months in a total of 96 injected 
females, and one in 19 uninjected F, mice ; the incidence was 8-3 per cent in the 
injected mice. 

In the injected reciprocal hybrid groups the majority of tumours seemed to 
occur at random. In one litter there were as many as 3 cases of breast cancer, 
2 on the right side and 1 bilateral, but otherwise, apart from the sub-line men- 
tioned above, there was little evidence of definite family susceptibility. 

On the whole, however, there is some reason to suppose that inherited tenden- 
cies played some part in the origin of mammary carcinoma in the present experi- 
ment, and that hybridisation was responsible for the increased tumour incidence 
compared with the parent strains. In the CN group this increase was confined 
mainly to the first 2 generations, of which F, must be disregarded, but in the NC 
hybrids the increased incidence persisted in some degree to F,,. The NC hybrids 
were more susceptible than the CN over the whole 12 generations as measured 
both by total tumour incidence and by average tumour age. It is probable that 
genetic divergence between the two sets of hybrids, such as has already been 
seen to occur for lung tumours (Miller and Pybus, 19545), could account for this 
difference and, in the absence of any definite proof from the F, mice, together 
with the advanced ages at which most of the spontaneous tumours appeared, it 
seems improbable that the milk factor was present. 

Although genetic variability complicates the interpretation of the data, 
there seems to be good evidence, supported by the results of previous workers in 
this field, that the methylcholanthrene treatment increased the incidence of 
mammary tumours and induced them earlier, and the effect does not appear to be 
due entirely to direct action of the carcinogen on the mammary tissues, since 
tumours were found more often on the left side than on the right. An explana- 
tion of the effect seems to be provided by the recent work of Jull (1952), from which 
it appears that methylcholanthrene has a progesterone-like effect on mammary 
tissue in stimulating the acinar development, which is a precursor of mammary 
cancer, although Orr (1951) considered that the methylcholanthrene-induced 
tumours themselves were derived from the duct epithelium. 
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SUMMARY. 


1. The incidence of spontaneous mammary carcinoma was increased by 
hybridisation between the two low-incidence inbred strains of mice, CBA and 
NBT. 

2. One subcutaneous injection of 1 mg. methylcholanthrene per mouse raised 
the incidence and lowered the age of mammary carcinoma in both groups of 
reciprocal hybrids over 10 generations of inbreeding. This effect was not carried 
over into the uninjected descendants of injected mice. 

3. Mammary tumours occurred more frequently on the left side than on the 
right side of the injected mice, the injection being made into the right flank. 

4. The interpretation of these results is discussed. 


We wish to thank Dr. Philip for her interest and advice in the preparation 
of this paper. 

This work was carried out under a research grant from the North of England 
Council of the British Empire Cancer Campaign. 
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In the first paper of this series (Salaman and Roe, 1953) it was shown that after 
the application of ethyl carbamate (urethane) to mouse skin, repeated treatment 
with croton oil promoted the development of tumours. Urethane, when applied 
repeatedly alone, or after a single dose of 9: 10-dimethyl-1 : 2- benzanthracene 
{DMBA), did not give rise to tumours. It was concluded that urethane was an 
initiator of carcinogenesis, but not a carcinogen, or co-carcinogen, for mouse skin. 

In the same paper attention was drawn to the fact that the initiating doses of 
urethane used (120-360 mg.) were very large relative to an initiating dose of 
DMBA of comparable efficiency (0-3 mg.). It was pointed out that in view of the 
high solubility and rapid elimination of urethane (Skipper et al. 1948, 1951; 
Boyland and Rhoden, 1949), this discrepancy was not surprising ; and that, in 
any case, no attempt had been made to determine the optimal dose of urethane, 
which might prove to be smaller than those used. 

The first of the two experiments described in the present paper was designed 
to show the effects on the initiating power of urethane of altering (i) the total dose, 
(it) the spacing of applications, and (iii) the solvent. 

Berenblum and Shubik (1947, 1949) showed that varying the interval bet- 
ween an intiating dose of DMBA and a subsequent course of croton oil from 3 to 
43 weeks, did not alter significantly the proportion of mice which developed 
tumours. They concluded that the initiating effect of DMBA persisted without 
change for at least 43 weeks. 

In the second experiment described below we have studied the persistence of 
the initiating effect of urethane in mouse skin. 


MATERIALS AND METHODS. 


Mice.—The mice used were stock albinos of the “S”’ strain (Salaman and 
Gwynn, 1951) fed on cubes prepared according to the Rowett Institute formula 
(Thomson, 1930a, 19306), plus fresh greenstuff twice a week, and water ad libitum. 

Mice were vaccinated on the tai] with sheep lymph (kindly supplied by the 
Lister Institute of Preventive Medicine) as a precaution against ectromelia. Only 
positive reactors were used. 

All mice were aged 7—8 weeks at the beginning of experiments. 

Chemical agents.—Ethyl carbamate (urethane) and acetone (analar grade) 
were obtained from British Drug Houses, polyethylene glycol of average molecular 
weight 300 (carbowax 300) from the General Metallurgical and Chemical Co. Ltd., 
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and croton oil from Messrs. Boots Pure Drug Co., retailing the product of Messrs. 
Stafford Allen and Sons Ltd., 20 Wharf Road, N. 1. 

Technique of applications.—The hair was clipped from the whole back, from 
forelimbs to tail, before treatment and at intervals when necessary. Solutions in 
acetone were delivered from calibrated pipettes, care being taken that they spread 
as evenly as possible over the whole clipped area. Solutions in carbowax 300 were 
delivered in the same way, and spread over the clipped area with a glass spreader. 


EXPERIMENTAL. 
First Experiment. 
Relation between dose and initiating effect of urethane. 

Forty male and 40 female mice were divided into 4 groups, each of 10 males 
and 10 females. These groups were numbered 3, 4, 5, and 6, and were treated 
with 180, 50, 10, and 2 mg. urethane in acetone respectively, applied to the 
clipped areas of skin. Subsequently, after an interval of three weeks, all groups 
received a standard course of 18 weekly applications of 0-5 per cent croton oil in 
acetone to the same areas. Details of these treatments are given in Table I. 
Each week, during the period of secondary treatment with croton oil, the mice 
were examined for skin tumours, and those of 1 mm. diameter or more were 
recorded. 

Table I includes, besides Groups 3 to 6 described above, Group 1 (20 male 
mice) which received croton oil applications only, and Group 2 (26 male mice) 
which received 240 mg. urethane followed by a similar course of croton oil. These 
two groups formed part of a previous experiment (Salaman and Roe, 1953). 
The Table shows the incidence of tumour-bearing mice, and the total number of 
tumours, in mice surviving until one week after the end of secondary treatment. 
Fig. 1 shows the rates of development of tumours in Groups 1 to 5. In Group 6, 
which received only 2 mg. urethane as primary treatment, no more tumours ap- 
peared than in the croton oil controls. 

In these, as in other similar experiments, small differences in tumour incidence 
occurred between the sexes in individual groups, but were not regarded as signi- 
ficant. It was thought justifiable to ignore the subdivision into sexes in Groups 3, 
4, 5, and 6, in recording the present results. 

In Fig. 2 the average tumours per mouse surviving until one week after the 
end of the secondary treatment is plotted against the total dose of urethane. 
These points lie fairly close to a straight line which passes through a point at zero 
dosage of urethane representing the average tumour incidence in mice receiving 
croton oil only. It would seem that the relation between urethane dosage and 
initiating effect does not differ significantly from simple direct proportionality ; 
and it is therefore unlikely that any dose of urethane less than 240 mg. will prove 
to be either absolutely or relatively more effective. However, doses of urethane 
intermediate between 50 and 180 mg. must be tested before a definite conclusion can 
be drawn on this point. 


Effect of altering the spacing of applications on the initiating activity of 180 mg. 
urethane. 

Group 7: Twenty male mice were given 3 applications of 60 mg. urethane in 

acetone at intervals of 4days. Three weeks after the first application of urethane 
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secondary treatment with croton oil was begun. Details of the primary and 
secondary treatments, and results, are given in Table I. Conditions in Group 7 
were identical with those in Group 3, except that the interval between applications 
of urethane in Group 3 was 2 hours and in Group 7 was 4 days. 


Final ication 
of appli oil (22) 
in all groups 


Tumours per mouse. 


- 


10 12 
Time in weeks 


Fic. 1.—Initiating power of urethane: relation between total dose and tumour development. 
Abscissa = Time in weeks from beginning of croton oil applications. Ordinate = Average 
number of tumours per surviving mouse. 

Group 1: No urethane (croton oil control). 
Group 2: 240 mg. urethane (given as 2 applications of 60 mg. in acetone 
with an interval of 15 minutes, on Ist and 8th days). 
Group 3: 180 mg. urethane (given as 3 applications of 60 mg. in acetone 
at intervals of 2 hours). 
Group 4: 50 mg. urethane (given as a single application in acetone). 
Group 5: 10 mg. urethane (given as a single application in acetone). 
All groups received 18 weekly applications of 0-3 ml. 0-5 per cent croton oil in acetone, 
inning 3 weeks (Groups 3, 4, and 5) or 4 weeks (Group 2) after the first application of 
urethane. At the beginning of the experiment there were 20 mice in Groups 1, 3, 4, and 5, 
and 26 mice in Group 2. Numbers of survivors at the end of secondary treatment are 
shown in brac 


The minor differences between these two groups in incidence of tumour- 
bearing mice and in number of tumours, shown in Table I, and in rate of tumour 
development shown in Fig. 3, are not significant. It is concluded that this alter- 
ation of spacing of urethane applications did not affect initiating power. 
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Effect of solvent on the rate of absorption and initiating action: a comparison of 
acetone and carbowax 300. 

It was expected that wider spacing of applications of urethane might have 
increased the initiating effect of a given total dose, by avoiding overlapping of 
periods of absorption and thus increasing the total duration of effective contact 
with the skin. Another possible method of achieving this end was tried, namely 
the use of a non-volatile solvent. 

From previous experience it was known that after application of urethane 
dissolved in acetone to the clipped dorsal skin absorption is rapid, as shown by 


(Group 2)x 


(Group 3) 


control 


1- Croton gil 
(Group 


40 80 120 160 200 240 
Dose of Urethane 
Fic. 2.—Initiating power of urethane: relation between total dose and tumour incidence 
at end of secondary treatment. Abscissa = Total dose of urethane in milli 


Ordinate = Average number of tumours per surviving mouse one week after 18th appli- 
cation of croton oil. Treatment of the various groups is described in detail in Table I. 


The points are experimental, the straight line is arbitrary. 


the early onset of narcosis. Three applications of 60 mg. urethane, at intervals of 
15 minutes to 2 hours, is enough to produce an effect, varying from sluggishness 
to deep coma, in the majority of young mice. 

In a preliminary experiment we used the rate of onset and maximum depth 
of narcosis as a measure of the rate of absorption of urethane through the skin. 

Ten female mice received applications of 20 per cent w/v urethane in acetone 
at }-hourly intervals. A further 10 female mice received applications of 20 per 
cent w/v urethane in carbowax 300 at 4-hourly intervals. This solution was 
viscous, and had to be spread with a glass rod. 

Eight of the ten mice receiving the acetone solution showed moderate to deep 
narcosis within 30 minutes of the third application of urethane, whereas none of 
those receiving the carbowax 300 solution showed more than sluggishness even 
after 7 applications. 

It was concluded that urethane was more slowly absorbed from carbowax 300 
than from acetone and, therefore, that carbowax 300 was a suitable solvent for 
the purpose of prolonging contact between urethane and the skin. 
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Note.—Groups 2 and 11 are 


Salaman and Roe, 19532). 


from a previous experiment (Groups 9 and 13; 
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Group 8: Twenty male mice were given 3 applications of 60 mg. urethane 
dissolved in carbowax 300. Intervals of 4 days were left between these appli- 
cations, asin Group 7. Details of subsequent treatment are given in Table I. 

The incidence of tumour-bearing mice, and the total number of tumours, in 
mice surviving until one week after the end of secondary treatment are shown in 
Table I. Fig. 3 shows the rate of development of tumours. 

The results for Groups 7 and 8 are very similar. We conclude that the initia- 
ting effect of 180 mg. urethane is not altered by substituting the viscous non- 
volatile solvent carbowax 300 for acetone. 


Final application 
a of Croton oil 
in all groups 


Tumours per mouse. 


6 8 10 «12 14 16 18 
Time in weeks 
Fic. 3.—The effects of changing (a) the solvent, and (b) the interval between applications, 


on the initiating power of 180 mg. urethane on mouse skin. Abscissa = Time in weeks 

from beginning of croton oil applications. Ordinate = Average number of tumours per 

surviving mouse. 

a———-]_ Group |: No urethane (croton oil control). 

@ Group 3: 3 applications of 60 mg. in acetone at intervals of 2 hours. 

XK -+-+---- x Group 7: 3 applications of 60 mg. in acetone at intervals of 4 days. 
—————© Group 8: 3 applications of 60 mg. in carbowax 300 at intervals of 4 days. 


All groups received 18 weekly applications of 0-3 ml. 0-5 per cent croton oil in acetone, 
beginning (in Groups 3, 7, and 8) three weeks after the first application of urethane. At 
the beginning of the experiment there were 20 mice in each group. Numbers of survivors at 
the end of secondary treatment are shown in brackets. 


Second Experiment. 


Persistence of the initiating effect of 240 mg. urethane in mouse skin. 

Groups 2 and 9: Details of treatment are shown in Table II. Group 2 was 
derived from a previously reported experiment and also appears in Table I of the 
present paper. Both groups received 2 applications of 60 mg. urethane on the Ist 
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and 8th days of the experiment. In Group 2 (26 mice) the interval between 
the last application of urethane and the first weekly application of croton oil was 
3 weeks, whereas in Group 9 (24 mice) it was 24 weeks. 

By the time mice of Group 9 were ready to begin croton oil treatment deaths 
were beginning to occur from respiratory insufficiency, due to multiple lung 


a Final application 
of Croton oil 
in both groups (22) 
i 
z 
5 
~O(11) 
1-0 


10 12 4 6 8 2 
Time in weeks 


Fic. 4.—Persistence of the ma effect of 240 mg. urethane in mouse skin. Abscissa = 
Time in weeks from beginning of croton oil applications. Ordinate = Average number of 
tumours per surviving mouse. 

A————-A_ Group 2: 240 mg. urethane (0-3 ml. 20 per cent w/v in acetone applied 
twice, with an interval of 15 minutes, on Ist and 8th days) followed, 
after 3 weeks from the final application of urethane, by the first of 18 
weekly applications of 0-3 ml. 0-5 per cent croton oil in acetone. 
O-------- © Group 9: Treatment as in Group 2, except that the interval between 
the final application of urethane and the first of croton oil was 24 weeks. 
Group 2 consisted initially of 26 mice, and Group 9 of 24 mice. Numbers of survivors 
are shown in brackets. 


adenomas. Fifteen mice survived until the beginning of croton oil treatment, but 
only 11 were alive at the end of the experiment ; moreover several of the survivors 
were undersized compared with untreated mice of the same age and sex. 

The rate of tumour development during croton oil treatment is shown in Fig 4. 
Undoubtedly the initiating effect of 240 mg. urethane persists in mouse skin for 
at least 24 weeks. Taken as they stand the figures show a reduction of the order 
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of 50 per cent in the effect of urethane after this interval. But in view of the poor 
state of nutrition and low survival rate towards the end of croton oil treatment of 
mice in Group 9 the significance of this difference is doubtful. A further uncer- 
tainty is introduced by the difference in age at the time of tumour development. 
It is possible that the promoting action of croton oil is less effective in old mice. 


Persistence of the initiating effect of 1-08 g. wrethane in mouse skin. 

Groups 10 and 11: . Details of the treatment are shown in Table II. Group 11 
also figured in a previous report (Group 13; Salaman and Roe, 1953). Both 
groups received 18 weekly applications of urethane, and 18 weekly applications of 
croton oil, but while in Group 11 the treatments were alternated (a croton oil 
application 4 days after each urethane application), in Group 10 croton oil treat- 
ment began 3 weeks after the end of urethane treatment. 

The survival rate in Group 10 was low, because of deaths from multiple lung 
tumours, and from haemorrhagic hepatic tumours (unpublished results) and sur- 
viving mice were underweight. 

Fig. 5 shows the rate of development of tumours in the two groups, reckoned 
from the beginning of croton oil treatment. Tumours appeared earlier in Group 
10. At thirteen weeks tumour incidence in the two groups was about equal. 
Thereafter Group 11 went ahead, and at the end of the experiment showed a 
tumour incidence almost double that of Group 10. 

The early difference between the two groups is accounted for by the fact that 
at that time Group 10 had received the total dose of urethane, whereas Group 11 
had received only a part of it. The later difference suggests, as does the differ- 
ence between Groups 2 and 9, a loss of initiating effect with the passage of time. 
But here again the low survival rate and the poor state of nutrition of the older 
mice prevent a firm conclusion being drawn. 


DISCUSSION. 


In the first paper of this series (Salaman and Roe, 1953) we showed that the 
nitiating effect of 240 mg. urethane is approximately equal to that of 0-3 mg. 
DMBA. It was suggested that a lower dose of urethane might prove to be rela- 
tively, or even absolutely, more effective (cf. Shubik and Ritchie, 1953). The 
results of the first experiment reported here virtually exclude this possibility, for 
the relation between dose and initiating effect of urethane approximates to simple 
direct proportionality. 

Alternatively it was suggested that the apparent difference in potency might 
be due to differences of solubility or rates of absorption. In this case a prolonga- 
tion of effective contact of the drug with the skin would be expected to increase its 
effect. In the second and third parts of the first experiment we attempted to 
prolong the period of contact of urethane with the skin, firstly by increasing the 
intervals between the three applications of urethane from 2 hours to 4 days 
(Group 7), to prevent overlapping of the periods of absorption ; and secondly by 
combining this device with the use of a viscous non-volatile solvent—carbowax 
300—(Group 8) which had been shown to delay absorption. Neither method 
increased the initiating effect of 180 mg. urethane. These negative results, 
though they do not decide the point definitely, make it unlikely that the relative 
inefficiency of urethane as an initiator is due to its rapid passage through the skin. 
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The possibility was considered that urethane can exert its initiating effect only 
on particular cells, or on cells that have reached a particular phase in the mitotic 
cycle. If this were so more susceptible cells should have been exposed to urethane 
in Groups 7 and 8, when urethane was given at intervals of 4 days, than in Group 3, 
when the intervals were only 2 hours. The fact that the yields of tumours were 
equal in the three groups suggests either that there is no cyclic change in sus- 
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Fic. 5.—Persistence of the initiating effect of 1-08 g. urethane in mouse skin. Abscissa = 
Time in weeks from beginning of croton oil applications. Ordinate = Average number of 
tumours per surviving mouse. 

O------- © Group 10: Urethane followed by croton oil (18 weekly applications of 
60 mg. urethane followed, after an interval of 3 weeks, by 18 weekly 
applications of croton oil). 

x——————-x Group 11: Urethane and croton oil given concurrently. (18 weekly 
applications of 60 mg. urethane given on Tuesdays, and 18 weekly 
applications of croton oil given on Fridays). 


Both groups consisted initially of 20 mice. Numbers of survivors are shown in brackets. 


ceptibility, or that a dose of 60 mg. urethane is small compared with that necessary 
to act on all susceptible cells present. 

Cramer and Stowell (1941), studying the effects of repeated applications of 
20-methylcholanthrene to mouse skin, found that the carcinogenic effect of 
monthly applications was greater in relation to total dose than that of weekly appli- 
cations. They concluded that when the interval between two applications of a 
carcinogen is short the second application diminishes the carcinogenic effect of the 
first by inhibiting cellular proliferation, as various carcinogens had been shown to 
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do (Haddow and Robinson, 1939). Urethane has also been shown to inhibit 
cellular proliferation (Haddow and Sexton, 1946) and might be expected to 
behave in the same way as 20-methylcholanthrene in this respect. But our 
results in Groups 3, 8, and 9, showed that lengthening the interval between appli- 
cations neither increased nor diminished the initiating action of a given total dose 
of urethane (if we dismiss the unlikely possibility that enhancement was exactly 
counteracted by inhibition), and suggest that the effects of individual applications 
of urethane are additive, without mutual interference. 

Berenblum and Shubik (1949a) treated mice with single applications of DMBA 
at various concentrations. All mice subsequently received a standard course of 
croton oil treatment. It was found that the number of tumours produced was 
approximately proportional to the concentration of DMBA applied. Shubik and 
Ritchie (1953) carried out a somewhat similar experiment in which 3 groups of 
mice were given 1, 2, and 3 applications respectively (with intervals of a week in 
the latter groups) of DMBA at a constant concentration. All groups subsequently 
received a standard course of croton oil treatment. It was found that the 
number of tumours produced was inversely related to the number of applications 
of DMBA originally applied. The results of these two experiments are, at first 
sight, conflicting. To explain this discrepancy Shubik and Ritchie (1953) suggest 
that the carcinogen may have an inhibitory as wellas an initiating effect, as did 
Cramer and Stowell (1941), or else that a refractory period may follow each 
application. 

As stated above, one application of urethane does not inhibit the action of 
another, nor is there evidence of a refractory period. Urethane produces no 
detectable histological effect on the skin (Salaman and Roe, 1953), whereas 
DMBA, like other carcinogenic hydrocarbons, produces a characteristic hyper- 
plasia, (Pullinger, 1940). This difference may account for the fact that repeated 
applications of DMBA interfere with one another while those of urethane do not. 

Berenblum and Shubik (1947, 19496), studying the persistence of the initiating 
effect of DMBA in mouse skin, concluded that there was almost 100 per cent 
persistence for a period of at least 43 weeks. They used as their criterion the per- 
centage of mice developing tumours in each group. We have used, in the similar 
experiment with urethane, both this criterion and also the average number of 
tumours per surviving mouse. Our results show that the initiating effect of 
urethane persists in part for at least 24 weeks. There appears to be a loss of 
effect, in this time, of the order of 50 per cent. For reasons given above we regard 
the evidence for a real falling-off of the effect with time as inconclusive. 


SUMMARY. 


1. The relative power of different doses of ethyl carbamate (urethane) to 
initiate carcinogenesis in mouse skin have been studied. In all groups a standard 
course of 18 weekly applications of 0-5 per cent croton oil were begun 3 weeks 
after treatment with urethane, and the incidence of tumours recorded week by 
week. 

2. The relation between dose and initiating effect of urethane over the dose 
range 2-240 mg. does not differ significantly from simple direct proportionality. 

3. Attempts were made to enhance the initiating effect of urethane by pro- 
longing its period of contact with the skin. Neither increasing the intervals 
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between applications of urethane from 2 hours to 4 days, nor changing the solvent 
from acetone to carbowax 300, which is viscous and non-volatile, had any signifi- 
cant effect on tumour incidence. 

4. A study was made of the persistence of the initiating effect of urethane in 
mouse skin. Results showed that the effect persists for at least 24 weeks, though 
with some apparent diminution. The evidence for an actual falling-off of the 
effect with time is suggestive but not conclusive. 

5. The significance of these findings is discussed in the light of those of other 
workers who studied the initiating effect of single and repeated doses of carcinogenic 
hydrocarbons. 

Our thanks are due to Mr. D. A. Woodcock for technical assistance, and to 
Mr. J. A. Rawlings for his care of the animals. 

The expenses of this research were partly defrayed out of a block grant from 
the British Empire Cancer Campaign. 
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THE observations that urethane (ethyl carbamate) inhibited the growth of 
transplanted tumours (Haddow and Sexton, 1946) and caused a fall in the leucocyte 
count in chronic myeloid leukamia (Paterson, ApThomas, Haddow and Watkinson, 
1946) were made in England a few years after the discovery that urethane induced 
adenomas of the lung in mice (Nettleship, Henshaw and Meyer, 1943) was made in 
the United States. The earlier observations of Hawkins and Murphy (1925) 
on the leucopenic action of urethane appear to have been overlooked. 

Urethane is one of the earliest known chemical mutagens; its genetical effects 
on the chromosomes of Oenothera and Campanula were described by Oehlkers 
in 1943. Vogt (1948) has shown that the mutation rate in the fly Drosophila 
increased after injections of urethane into the abdominal cavity of adult males. 
It has been reported that urethane inhibits mitosis in various tissues of different 
organisms (Dustin, 1947; Guyer and Claus, 1947 ; Cornman, 1950). The effects 
of urethane in tissue cultures have been studied in detail by Bucher, (1947) 
and Bastrup-Madsen (1949). Haddow and Sexton (1946) reported that urethane 
inhibits the growth of the Walker carcinoma ; they found that 12 intra-peritoneal 
injections of 50 mg. urethane per rat reduced the mean weight of the tumours 
to one-sixth of that of the corresponding controls. 


Urethane and Cell Metabolism. 


The metabolism of urethane in animals has been demonstrated by chemical 
analysis (Boyland and Rhoden, 1949) and by tracer technique (Skipper, Bennett, 
Bryan, White, Newton and Simpson, 1951). Although in the concentrations 
(M/10) required for anaesthesia, urethane inhibits many enzymes (e.g., choline 
oxidase and succinoxidase), it has no pronounced action when present in concen- 
trations (M/100) which produce lung adenomas or leucopenia (Boyland and 
Williams-Ashman, 1951). An indication of specific enzyme inhibition with ure- 
thane was described by McKinney (1950) who found that M/100 ethyl carbamate 
inhibited the methylation of nicotinamide or glycocyamine by isolated tissues, 
while methyl carbamate was much less active in this respect. The fact that ure- 
thane inhibits trans-methylation reactions suggests that it would inhibit the 
biosynthesis of thymine, as the methyl group of the latter is introduced by a 
trans-methylation reaction. (Elwyn and Sprinson, 1950). In order to test this 
hypothesis, experiments were carried out to compare the effects of urethane 
and thymine on the dividing cells of the Walker carcinoma. If it could be demon- 
strated that the urethane-induced mitotic injuries are affected by pre-treatment 
with thymine, some light might be thrown on the mechanism of its action in the 
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cell. In this respect an important observation has already been made by Cowan 
(1949) who found that the administration of mixed pentose nucleotides reduced 
the carcinogenic action of urethane. 


EXPERIMENTAL PROCEDURE. 


Adult albino rats of both sexes between the ages of 5 and 6 weeks were implan- 
ted subcutaneously with grafts of Walker carcinoma 256. Intra-peritoneal 
injections of urethane were commenced six days after implantation. In the 
preliminary experiments, 1 to 8 doses of 1,000 or 500 mg./Kg. body weight were 
given. When repeated doses were required, injections were given twice daily 
at 10 a.m. and 4 p.m. 

Cytological analysis was carried out on small pieces of tumour tissue, fixed 
in a mixture of 3 parts absolute alcohol and 1 part glacial acetic acid. Squash 
preparations were made and stained with lacmoid and Feulgen’s basic fuchsin. 
For quantitative comparison, the proportion of abnormal mitoses was determined 
in specimens taken from rats killed at different times, varying between 24 and 96 
hours after the last injection of urethane. 


Reduction of mitosis. 

The daily administration of urethane caused systemic effects such as sleepiness, 
reduction of food intake leading to loss of weight, and to reduction in the number 
of dividing cells in the tumour. Table I shows the frequency distribution of 
mitosis and Table II gives the number of abnormal divisions, after various doses 
of urethane. The repeated administration of this drug produces histological 
changes which consist of the transformation of the cellular Walker carcinoma 
into a fibrous or “ sarcomatous” tissue complex. The histological alteration 
has been noted by Haddow and Sexton (1946), described by Green and Lushbaugh 
(1949) and its underlying causes analysed in detail by Koller and Casarini (1952). 
The present investigation brought to light further evidence which shows that 
fibrous “ differentiation ’’ is preceded by a severe reduction in the number of 
dividing tumour cells. 

The study of the various cytological effects induced by urethane in the mitotic 
cells of Walker carcinoma, has been carried out between 1947 and 1954 and the 
data obtained are summarized in Table III. There is relatively good agreement 
between the various experiments. The incidence of abnormal cells observed in 
different tumours of the same experiments is sufficiently consistent to allow a 
quantitative comparison of the data. 


TaBLE I.—Proportion of Cells in Mitosis in 9-days-old Walker Carcinoma. 
(Average number of cells examined 450-500)* 
Cells in mitosis 


(per cent of 
Treatment. total counted). 
5 x 500 mg./Kg. Urethanet 1-6 
6 x 500 mg./Kg. Urethanet 2-4 
8 x 500 mg./Kg. Urethanet 1-2 


* Ten cell populations of a squash preparation were analysed by using x 45 oil immersion 
objective and x 10 compensating eyepiece (Cooke). Average number of cells per field was 35. 
+ Fixation of tumour sample was made 24 hours after the last injection with urethane. 
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TaBLe IIl.—The Frequency of Abnormal Mitosis in the Walker Tumour. 
(24 hours after the last dose of Urethane.) 
Abnormal mitosis 


Dose of urethane. (per cent). 
1 x 1000 mg./Kg. ° 18 (50)* 
2 x 1000 = ‘ 37 (50) 
3 x 1000 39 (69)T 
1 x 500 mg./Kg. . 28 (37) 

2 x 500 25 (55) 

3 x 500 36 (50)t 


* Numbers in parenthesis refer to the number of cells examined. 
+ About half of the abnormal cells show severe cytoplasmic disturbances. 


IIl.—Abnormal Mitosis following Urethane Treatment. 


Cells with 
Dose of abnormal mitosis 

Time in hours Urethane* (as per cent of Date of 

after injection. (mg.). total examined). Experiment. 
24 x 2x 500 . 34 (38)* 21.xi. 1947 
24 2x 500 38 (34) R 16. vi. 1951 
24 1 x 500 40 (47) 6.xi. 1953 
48 ‘ 2x 500 48 (40) - 11. viii. 1950 
48 ° 2x 500 . 44 (48) ‘ 6.x.1952 
48 1 x 500 40 (45) 22.xi. 1947 
48 1x 500 46 (48) 14. iv. 1948 
48 1x 500 ‘ 37 (84) 7.xi.1953 
56 1x 500 39 (36) 14. iv. 1948 
72 2x 500 28 (58) 12. viii. 1950 
72 2x 500 19 (62 18 vi 1951 
72 2x 500 36 (72) 7.x.1952 
72 1 x 500 17 (75) 23. xi. 1947 
72 ‘ 1x 500 2 34 (56) ‘ 15.iv.1948 
96 2x 500 17 (75) ; 24 xi 1947 


* Number in parenthesis refer to the number of cells examined. 
+ Per kg. body weight of rats. 


Effects of urethane. 

The increasing amount of chromosome injuries and other mitotic disturbances 
which appear in tumour cells after repeated administrations of urethane makes 
cytological analysis difficult. Many of the drastic abnormalities in dividing 
cells are obviously cytoplasmic in origin and constitute a different class from that 
of the radiomimetic effects. Owing to the difficulty in discriminating between 
the various types of mitotic disturbances in tumours treated with more than 3 
doses of urethane the quantitative studies have been restricted to tumours which 
were treated with 1 or 2 doses of urethane, (500-1000 mg./Kg.). These doses are 
much below those necessary to cause a significant inhibition of growth, and the 
frequency of abnormal cells in the tumour never exceeds 50 per cent of the total 
number of dividing cells analysed. In this respect urethane is less efficient than 
either HN2 or X-rays. By single treatment with HN2, it is possible to induce 
chromosome damage in 90 per cent, and with X-rays in 80 per cent of the dividing 
cells of the Walker carcinoma. 

After the administration of urethane cytological abnormalities are seen at all 
stages of mitosis. Furthermore, it was found that cells in the interphase can 
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also show morphological changes. The original intention was to analyse and 
score only the post-metaphase stages of mitosis for chromosome injuries, because 
in these stages (Fig. 1 and 2) the fragmented chromosomes and chromosome 
bridges can be readily identified, (Devik, Elson, Koller and Lamerton, 1950 ; 
Koller and Casarini, 1952). In view of the fact that mitotic disturbances after 
more than one dose of urethane are usually severe and the stage of mitosis cannot 
be identified (Fig. 3 and 4), the class of injured cells which are recorded very 
likely contain many cells in pre-metaphase or metaphase stage. 

In untreated Walker tumours the sole mitotic abnormality is stickiness of 
chromosomes during anaphase, which is seen in 3 to 6 per cent of cells in necrotic 
areas, and in 0-5 to 1 per cent in the healthy growing areas (Koller and Casarini, 
1952). 


Cytological effects of urethane and thymine, combined. 

Administration of thymine alone (50 mg./Kg. body weight) produced no 
mitotic disturbances in the tumour cells examined 24, 48, and 72 hours after 
dosing (Experiment 1, Table IV). When 2 or 3 doses of thymine are injected 
into tumour bearing rats the only effect is a slight increase in the number of divi- 
ding cells which clumped chromosomes at metaphase. In one series of experi- 
ments thymine, which alone does not induce chromosome abnormalities, was 
injected together with urethane (500 mg./Kg.). The results have shown that 
while the number of abnormal cells 24 hr. after the combined administration of 


TaBLeE 1V.—Effect of Treatment by Urethane and Thymine. 
Abnormal mitoses as per cent of vay wg cells 


Experi- Treatment at times counted at different times, after 
— (in hours). dose of urethane (in hours). 
0. 6. 18. 24. 24. 48. 72. 96. 
1 { U4+T U+T T 29 (56) 21 (80) 
= = - 0 (50) — 3 (64) 
2 { U+T U+T 37 (49) 23 (71) 14 (56) 
U U 38 (34) 36 (72) 
{ U+T U+T — — — 25 (92) 18 (65) 11 (53) 
3 T 0 (50) 2 (50) 4 (52) 
U U — — 34 (38) 44 (48) 19 (62) -- 
{ U 40 (45) 43 (42) 17 (75) 
4 7 U+T T 4 40 (50) 22 (37) il (93) — 
U U ~- — — 48 (40) 28 (58) 17 (75) 
{ T T TU 30 (78) 21 (42) 
5 -- T TU 37 (43) 38 (73) 
U 40 (47) 37 (84) 


Numbers in brackets indicate numbers of cells counted. 
U = Intraperitoneal injection of Urethane (500 mg.Kg. body weight). 
T = Intraperitoneal injection of Thymine (50 mg./Kg. body weight). 


EXPLANATION OF PLATE. 


Fic. 1.—Anaphase of mitosis in a tumour cell showing one pair of fused chromosome fragments 
and a broken chromosome bridge (24 hours after 1 x 500 mg./Kg. Urethane). x 1300. 

Fie. 2.—Late anaphase at which several chromosome fragments are left behind the other 
chromosomes (48 hours after 4 x 500 mg./Kg. Urethane). x 1300. 

Fie. 3.—Mitosis of a tumour cell in which many chromosomes have been broke>. The stage 
of mitosis cannot be recognised (24 hours after 6 x 500 mg./Kg. Urethane). x 1300. 

Fic. 4.—Spindle abnormality and chromosome fragmentation in a dividing tumour cell 
(24 hours after 8 x 500 mg./Kg. Urethane). x 1300. 
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the drugs was not affected, the reduction in the incidence of abnormal cells was 
significant in tumour samples taken 48 hr. after dosing the animals (Experiments 
2 and 3, Table IV). The data suggested that the influence of thymine on the 
urethane-induced injuries might be delayed. In other experiments therefore, 
rats were injected repeatedly with thymine and the administration of thymine 
commenced 6 hr. before dosing them with urethane. The experiments have shown 
that the incidence of abnormal cells 24 hr. after the administration of urethane was 
not affected by the pre-treatment with thymine (Experiment 4, Table IV). 
When, however, pre-treatment commenced earlier, i.e. 24 hr. before the rats were 
injected with urethane, the incidence of abnormal mitosis was reduced.in all the 
tumour samples (Experiment 5, Table IV). The results seem to indicate that 
thymine accelerates the recovery of cells from the effect of urethane. 

In order to find out if this is the case the incidence of abnormally dividing 
tumour cells given in Table [IV have been divided into two groups for statistical 
treatment. These groups contain the data obtained either less or more than 48 
hr. after the administration of urethane. The statistical analysis (Table V) 
shows that the reduction of the urethane-induced effects by thymine is significant 
in both groups, which suggests that the reduction cannot be due to recovery 
alone. It is more likely that urethane interferes with the intracellular synthesis 
of thymine and thus disturbs nucleic acid metabolism. The introduction of an 
excess amount of thymine by pre-treatment seems to maintain normal synthesis. 


TaBLE V.—Comparison of the Effects by Urethane, by Thymine and by their 


Combination. 
Substance. 
Urethane Urethane Urethane Urethane 
alone. -+ thymine. alone. + thymine, 
Time of observation. 
Less than 48 hours. More than 48 hours 
40 40 17 ll 
43 22 28 18 
48 25 17 ll 
34 37 19 14 
44 23 36 21 
Percentage of abnormal cells . 4 38 29 34 16 
46 35 — — 
39 25 — — 
40 30 — _ 
37 21 — — 
40 39 — 
Number of observations . ‘ ll ll 6 6 
Mean value 41-1 29-5 25-1 15-1 
8.D. ‘ 4-6 6-9 8-7 4:1 
Coefficient of variation (%) ‘ 11-1 23-4 34-7 27-2 
Difference of means . . ‘ . 12-0 
Significance of difference : 
P 4 -0015 
Difference of coefficient of variation . 12-3% 
Significance of difference : _ 
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Experiments with urethane, diaminopurine, nitrogen . mustard, uracil and 
guanosine. 

Skipper and Schabel, (1952) found that the inhibition of growth of EZ. coli 
by urethane can be reversed by 2: 6-diaminopurine. The latter agent is a purine 
antagonist and is known to be a growth inhibitor of particular tumours (Elion 
and Hitchings, 1950). Professor Haddow found that a combination of urethane 
and diaminopurine inhibits the growth of the Walker carcinoma. The data in 
Table VI show that when urethane (50 mg. per rat) or 2: 6-diaminopurine (10 
mg. per rat) are administered daily to tumour bearing rats, the growth of these 
particular carcinomata is reduced as compared with the control tumours. 


TaBLe VI.—The effect of Urethane and 2 : 6-Diaminopurine on the 
Growth of the Walker Carcinoma. 


Weight of tumours g. Mean weight of 

Treatment.* at 13 days. tumours (g.). 
Control. 6 51 50 39 37 32 29 23 5 — 36 
Urethane, 8 x 50 m, mg. - 51 36 28 2 23 22 20 19 11 8 tc 24 
2 : 6-Diaminopurine, 8 * 10 mg. . 35 30 29 26 24 23 19 17 15 13 23 


Urethane, 8 x 50 g., plus 2:6- 


* Doses in mg. per rat ; average weight 180 gm. 


The cytological analysis of tumours treated with 2: 6-diaminopurine alone 
failed to disclose cells with mitotic abnormalities. Furthermore, when 2: 6- 
diaminopurine is combined with urethane the number of abnormally dividing 
cells was found to be nearly the same as after urethane treatment alone (Table 
VII). The additive effect of growth-inhibition by diaminopurine and urethane 
is very likely a complex process which cannot be identified by cytological analysis. 


TaBLeE VII.—The Effects of Combined Treatment on the Chromosome 
Abnormalities in Walker Carcinoma. 
Abnormal mitoses per cent at different 


Treatment at times times after treatment* 
(in hours). (in hours). 

0. 6. 18. 24. 18. 24. 36. 48. 72. 
U 46 (48)t 39 (36) 34 (56) 
ry U+T T T _ — 35 (49) 25 (56) 16 (64) 

DAP U+DAP DAP DAP. 38 (66) 40 /52) 36 (50) 

DAP 6 (100) 0 (100) 0 (100) 
HN2 — . 24(50) 34 (50) 74 (50) 74 (50) 
HN2+T 18 (50) 36 (50) 70 (50) 60 (50) 
U 34 (43) 58 (79) 38 (40) 
Ue U+Ue Ue Uc. — 42 (56) — 44 (59) 43 (46) 
Ue — — 3 (52) 2 (47) 0 (50) 
G G G G+U — 43 (73) — 30 (39) — 
G G+U . 37 (43) 29 (54) 
U 32 (55) 31 (61) — 
DAP = Intraperitoneal injection of 2 : 6-Diamin urine (50 mg./Kg. body weight). 


HN2 = Intraperitoneal injection of 2: 2-Dich lorodiethyl methylamine hydrochloride (0-5 
mg./Kg. body weight). 

Uc = Intraperitoneal injection of Uracil (50 mg./Kg. body weight). 

G = Intraperitoneal injection of Guanosine (200 mg./Kg. body weight). 

* Time interval is calculated from the last dose of urethane or HN2. 

+ The number in parenthesis indicate the total number of cells analysed. 
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In other experiments, nitrogen mustard (HN2) with thymine was used in 
order to detect possible synergistic effects of these agents in the cells of the Walker 
tumour (Table VII). It has been found that a single dose of HN2 (1 mg./Kg. 
body weight) inhibits the growth of this tumour (Boyland, Clegg, Koller, Rhoden 
and Warwick, 1948). The cytological basis of growth-inhibition has been 
investigated in detail by Koller and Casarini (1952). When thymine was com- 
bined with HN2, there was only slight reduction in the number of cells showing 
mitotic abnormalities. 

In similar experiments urethane was administered with uracil and guanosine 
(Table VII). While uracil did not reduce the incidence of mitotic abnormalities 
produced by urethane, guanosine appeared to cause a slight increase in the 
incidence of abnormal mitoses. 


DISCUSSION 


The experiments show clear differences between urethane and nitrogen 
mustard, both of which may be considered as agents with radiomimetic effects. 
They differ very much in destructive potency. Whereas a single dose of nitrogen 
mustard readily produces injuries in almost every dividing cell of the Walker 
tumour, it was found that even repeated administration of urethane could not 
produce chromosome injuries in more than half of the dividing cells analysed at a 
particular time. Our experiments also show that the effect of urethane is con- 
siderably reduced by treatment with thymine (though not by guanosine or uracil), 
while the effect of nitrogen mustard is not altered in the presence of thymine. 

These findings agree with (but do not prove) the hypothesis that urethane and 
nitrogen mustard produce their radiomimetic effects by different mechanisms 
(Boyland, 1952). There is some evidence to show that HN2 affects directly 
chromosome synthesis (Butler and Smith, 1950). On the other hand, there are 
indications that the effect of urethane on the cellular pentose nucleic acid (DNA) 
synthesis is indirect. Thus, urethane by interfering with thymine synthesis 
can cause a specific deficiency of thymidine or deoxyribonucleic acid. A drug 
working by such a mechanism might be expected to be more effective when 
metabolism and growth were rapid and producing a greater demand on nucleic 
acid precursors. Di Paolo (1952) has demonstrated that increased oxygen 
tension increased the genetical effect of urethane in Drosophila, and suggests 
that the increased metabolic rate due to oxygenation made the cells more suscep- 
tible to urethane. If urethane acts on the chromosomes by way of particular 
cytoplasmic enzymes, then the finding of Oehlkers (1946) is of special interest. 
He observed in the urethane-induced chromosome injuries significant differences 
between the reciprocal crosses of two Oenothera species, which could be due only 
to differences in the cytoplasmic metabolism. 


SUMMARY. 


(1) Urethane produces abnormalities, consisting of chromosome fragmentation 
and anaphase bridges in a proportion (never exceeding half) of the dividing cells 
of the Walker rat carcinoma. 

(2) The frequency of abnormal mitoses due to urethane is reduced and recovery 
accelerated by simultaneous administration of thymine. 
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(3) The frequency of abnormal mitosis produced by urethane was not reduced 
by administration of diaminopurine or uracil and was slightly increased by 
guanosine. 

(4) Thymine did not affect the frequency of abnormal mitoses in the Walker 
tumour produced by nitrogen mustard. 

(5) It is suggested that urethane may interfere in the cell with thymine syn- 
thesis by inhibiting trans-methylation reactions. 


We are indebted to Dr. G. H. Hitchings for a gift of 2: 6-diaminopurine, to 
Professor A. Haddow for the data in Table VI and to Dr. R. A. M. Case for the 
statistical analysis of Table V. This investigation has been supported by grants 
to the Royal Cancer Hospital and Chester Beatty Research Institute from the 
British Empire Cancer Campaign, the Jane Coffin Childs Memorial Fund for Medical 
Research, the Anna Fuller Fund, and the National Cancer Institute of the National 
Institutes of Health, U. 8. Public Health Service. 
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Loca areas of rapidly dividing cells are widely considered to play a part 
in the development of embryonic organs. The application to developing tissues 
of substances which interfere with mitosis might therefore be expected to lead to 
anomalies in the most actively proliferating regions. The action of tetra-sodium 
2-methyl-1:4-naphthohydroquinone diphosphate on the early development of the 
chick has been studied as part of a general investigation into the pathological effects 
of mitotic inhibitors on growing embryos. A series of experiments has also been 
carried out on some amphibianembryos. This substance is an analogue of vitamin 
K manufactured under the trade name of ‘“‘ Synkavit.” It has been shown to be an 
inhibitor of mitosis when applied to cells in tissue culture, and its effects have been 
described in detail (Mitchell and Simon-Reuss, 1952 ; Hughes and Simon-Reuss, 
1953). It has also been used as an aid in the treatment of malignant tumours 
(Mitchell, 1953). 


MATERIAL AND METHODS. 


A total of 109 hens’ eggs were used. After an initial period of incubation a 
small piece of shell and the underlying membrane were removed from the blunt 
end of each egg; the stage of the blastoderm was noted and then, in the case of the 
experimental specimens, 0-5 c.c. of “‘ Synkavit ”’ in solution was injected over the 
developing embryo. The solution was made up in Pannett and Compton’s saline 
(Pannett and Compton, 1924). Ten control specimens were injected with Pannett 
and Compton’s saline alone, and 6 additional controls were not injected at all. 
Each egg was resealed with ‘‘ selotape ” and incubated for a further period. The 
blastoderms were then dissected from the yolk and fixed in either Bouin’s or 
Carnoy’s fluid. 

Sixty-nine specimens were incubated for 24 hours, and had usually reached the 
late primitive streak or head process stage before injection. Eight of these were 
fixed after either 1 or 2 hours’ treatment, and the remainder after about 24 hours. 
Twenty-four eggs were incubated for 48 hours before being injected ; a young 
embryo had formed by this time in each egg and it possessed a well formed brain, 
a few pairs of somites and a beating heart ; eight of these specimens were fixed 
after 24 hours’ treatment, whilst the remainder were not examined until 3 days 
after injection. 

Three batches of amphibian eggs were used, two being Rana temporaria, the 
other Bufo bufo. Every batch was divided into five equal groups, each consisting 
of about 50 eggs complete with membranes and jelly. Four groups were placed 
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in identical dishes and immersed in different concentrations of ‘‘ Synkavit,”’ 
(1 : 1,000, 1 : 10,000, 1 : 100,000 and 1 : 1,000,000), the solutions being made up 
with tap water to 200 c.c. in each case. The fifth group in each batch was put into 
200 c.c. of tap water alone. The specimens were in early gastrulation at the begin- 
ning of the experiment, corresponding to Stages 10 and 11 in the terminology 
given by Rugh for Rana pipiens (Rugh, 1948). The solutions were changed 
every 24 hours. Six specimens were selected at random from each dish at intervals 
of about 10-12 hours and fixed in Smith’s fluid. Both the chick and amphibian 
embryos were serially sectioned ai 10 yp. 


RESULTS. 


The effects of a particular concentration of “ Synkavit’’ on the embryos were 
not constant, for whilst the development of some individuals appeared to be unaf- 
fected, pathological conditions were discovered in others which varied in gravity, 
some being incompatible with life. With high dosages few chick embryos sur- 
vived ; with low dosages only a small number appeared to be affected. The 
optimal concentration for causing developmental anomalies was about 1 : 5,000- 
1 : 10,000 for both chick and amphibian embryos. 

It seems likely that individuals varied in their ability to withstand the effects 
of the drug, but since it was necessary for the “ Synkavit ”’ to diffuse through a 
thin layer of albumen and vitelline membrane in the chick, and through the jelly 
and membranes in the amphibia, it is also possible that differences in the rate and 
direction of diffusion may have been largely responsible for the variability of the 
results. 


Long term experiments. 

Sixty-one of the chick embryos which had been treated at the muitos streak 
or head process stage were examined after 24 hours’ treatment. Twenty-six had 
undergone no embryonic development at all, the area pellucida in 16 of these 
showing various degrees of disintegration. In some cases the area pellucida had 
completely disappeared and the area opaca had continued to migrate, thus forming 
a band encircling the yolk. Four embryos had died before the end of the experi- 
ment although they appeared to have developed well. Of the 31 embryos which 
were alive, 9 were apparently normal, whereas the remainder were abnormal in 
one or more ways. None of the control specimens appeared to have developed 
abnormally. 


EXPLANATION OF PLATE. 


Fic. 1.—Transverse section across the hind brain region of a chick embryo after treatment with 
““ Synkavit ’. The neural folds have failed to close dorsally. The foregut is normal. x 60. 

Fic. 2.—Transverse section across the trunk region of the same embryo. 

The neural tube is closed, but the heart is developing as two separate vesicles. x 60. 

Fic. 3.—Enlargement of a part of the neural plate in Fig. 1. Resting cells are not found 
along the free edge at the base of the neural groove. Numerous resting cells can be seen 
further dorsally along the free edge and here the neural plate becomes convex. nor. = 
normal pattern. x 270. 

Fie. 4.—Rana temporaria embryo treated with ‘“ Synkavit ” showing open neural grooves. 
x 14. 

Fie. 5.—Rana temporaria control embryo, of the same stage as Fig. 4. showing closed 
neural grooves. x 14. 

Fic. 6.—Transverse section of hyperplastic patch in embryo of R. temporaria. The eens 
has become multi-layered. mn, = nuclei; i.c. = intra-epidermal cyst. x 85 
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(a) Neural tissue—The most frequently obtained anomaly was a failure of 
the neural folds to close dorsally. Out of 31 well formed chick embryos 17 
showed failure of the neural folds to close (Fig. 1). In 5 of these this defect 
extended the whole length of the embryo; in the remainder it was confined to the 
hind brain region, the neural folds being closed both anteriorly and posteriorly 
to this level (Fig. 2). In the controls and in those experimental specimens where 
the neural tube was completely or almost closed the histological pattern was 
normal (Altmann, 1885; Rabl, 1918; Sauer, 1935, 1936); it consisted of a 
thickened epithelium of tall columnar cells with nuclei near the base. The 
numerous dividing cells had rounded off and moved towards the free edge. 
Resting nuclei were seldom found along this border. In embryos in which the 
neural plate had remained flattened, however, both resting and dividing cells 
were found along the free edge. In specimens where the neural tube had closed 
except in the hind brain region, the histological structure differed in the two parts ; 
the normal and pathological pattern could even be seen in the same section 
(Fig. 3). 

Failure of the neural folds to close was also obtained with the amphibian 
embryos (Fig. 4). In these specimens the stage of development corresponded 
with that of the controls after the same length of time even though the degree of 
closure of the neural tube lagged behind (Fig. 5). In one series after 28 hours’ 
treatment with “‘ Synkavit ” the neural folds were widely open in the hind brain 
region in.every one of 38 specimens, whereas they were all practically closed in the 
controlembryos. After a total of 65 hours the neural folds had fused in about half 
the treated embryos. Hatching occurred at approximately this time in both the 
treated and control series. The larvae with open neural plates were capable of 
swimming movements though they tended to be less energetic than the others and 
did not grow so quickly ; no further healing occurred and indeed the condition tended 
to deteriorate, a white mass exuding from the malformed region. Inspection of 
serially sectioned material showed that this was due to disintegration of the floor 
of the neural groove. The neural crest and the spinal ganglia appeared to be 
normal. The epidermis, however, tended to be raised up in patches alongside 
the open neural plate and on the flanks. Inspection of serial sections revealed a 
hyperplasia of the epidermis in these regions. The individual cells did not appear 
to be enlarged or cedamatous, but they were arranged in strata instead of in the 
normal single-layered manner. Large intra-epidermal cysts which presumably 
contained fluid, were found among them (Fig. 6). A similar phenomenon occurred 
infrequently in the chick embryos (5 cases). 

(b) Size—Some of the more severely affected chick embryos were grossly 
stunted. Where good differentiation occurred however, even though abnormali- 
ties were found, the size usually appeared to be not much less than that of the 
control specimens, e.g. 17 chick embryos which had been treated at the primitive 
streak or head process stage and fixed after a further 24 hours’ incubation, ranged 
in length from 9104-4000 (mean 2, 670), whereas 6 control specimens fixed at 
the same time were between 2070u and 4650y in length (mean 2920). Similarly 
among the amphibian embryos only those specimens in which the failure of the 
neural plate to close was most pronounced tended to be shorter at the time of 
hatching. 

(c) Heart, gut and blood vessels.—{n 5 of the chick embryos the heart failed to 
develop, in 10 it differentiated as two separate vesicles (Fig. 2), whilst in the re- 
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maining 16 it was present as a single ventral organ beneath the foregut. In the 
region where the two vesicles remained apart the foregut floor was absent. No 
correlation was found between the failure of the neural tube to close dorsally in 
the hind brain region and failure of the heart vesicles and the floor to fuse ven- 
trally, for 6 of the embryos which had open neural plates had a well formed, 
single heart, whereas 4, which had a normal dorsal aspect, possessed either two 
heart vesicles or no heart at all. In 5 cases the normal single-layered cubical 
epithelium of the presumptive foregut floor (Bellairs, 1953) was replaced in certain 
regions by a multi-layered arrangement. In 2 others the presumptive foregut 
floor though single-layered was abnormally thin. 

The development of the heart in the amphibian embryos did not appear to be 
affected. In both the chicks and the amphibians, the paired dorsal aortae appar- 
ently developed normally. Somites and notochord were always present, and there 
was no apparent deficiency of the head mesenchyme. The differentiation of the 
area vasculosa in the chick was disturbed, however, in some of the older specimens 
which were treated after about 48 hours of incubation (at about Stage 13 of Ham- 
burger and Hamilton, 1951). Eight specimens were examined 24 hours after 
treatment, and in 5 of these the region was pale with few blood vessels, especially 
at the posterior end. Sixteen further embryos were inspected after 3 days, and in 
9 of these vascularisation in the area vasculosa was reduced in extent or absent. 
Six untreated control specimens were fixed after 3 days, and in only 1 of these 
did the area vasculosa appear to be retarded. 

The expansion of the extra-embryonic tissues of the blastoderm over the 
surface of the yolk appeared to be unaffected by the ‘‘ Synkavit ”; measurements 
taken at the time of treatment (19 experimental specimens and 6 control ones) 
and after a further 24 hours showed that in both groups the region had increased 
between 2 and 3 times in diameter. In no case was an open meshwork obtained 
of the type formed after treatment with folic acid antagonists (Bellairs, 1954). 

(d) Individual cells—In most of the specimens fixed 24 hours after application 
of “ Synkavit ”’, little indication of its pathological effects on the cells could be 
discovered. In 11 embryos some of the chromosomes were seen clumped together 
in metaphase ; occasionally chromosomes were found to be scattered through 
the cytoplasm. These anomalies have, however, also been seen in untreated 
embryos, though rarely. In all cases all phases of the mitotic cycle were present. 

The proportions in which the various phases were found were similar to those 
of comparable normal embryos. Three typical ‘“ Synkavit ’’-affected specimens 
were selected, each having an open neural plate, short foregut and two separate 
hearts ; mitotic counts were made in the endoderm of every third section. In 
each case dividing cells were more frequently seen in metaphase than in prophase, 
the percentages being in each specimen respectively : 1. P 31 per cent ; M 49 per 
cent. ; 2. P 25 per cent: M 64 per cent; 3. P 32 per cent: M 48 per cent. The 
distribution of mitotic phases in 3 untreated control embryos was not substantially 
different from these values. The mitotic rate throughout the endoderm as a whole 
was rather higher in the treated (range 2-15-2-32 per cent) than in the control 
embryos (range 0-9—1-65 per cent). 


Short term experiments. 
Short term experiments were carried out to investigate some of the cellular 
changes which may be attributed to the immediate and direct action of “Synkavit’’. 
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The 8 specimens in this group were all injected after 24 hours’ preliminary incuba- 
tion; 4 were fixed 1 hour after application of the drug, and 4 after 2 hours. 
Sections were examined under oil immersion. Most of the cells, both dividing and 
resting, appeared to be normal, and all phases of mitosis were present in each 
case; some evidence of interference with mitosis, however, was seen in 6 of the 
specimens. Cells were occasionally found in which the nuclear membrane had 
disappeared and the chromosomes were scattered throughout the cytoplasm. 
Some large swollen cells were also discovered which possessed big, pale nuclei 
and, infrequently, vacuolated cytoplasm. Clumping of the chromosomes in 
metaphase was rarely seen. 


DISCUSSION. 


When studying the effects of the mitotic inhibitors on developing embryos 
it is important to determine firstly that some interference with cell division has 
occurred, and secondly whether the anomalies obtained could be explained in 
terms other than of mitotic inhibition. The present investigation shows that there 
is evidence of mitotic inhibition in the chick after treatment with ‘‘ Synkavit ”’ ; 
effects on dividing cells were found after about 2 hours’ treatment which were 
similar to those reported by Mitchell and Simon-Reuss (1952) for cells in tissue 
culture. 

After 24 hours’ treatment with “ Synkavit,”’ however, few abnormalities could 
be seen, these being confined mainly to clumping of the chromosomes in meta- 
phase; a similar result was obtained by Mitchell and Simon-Reuss (1952). It 
seems likely that the cells had recovered from the effects of the drug. There is 
some evidence to show that a reduction in the inhibitory effects of the drug on 
mitosis may have also occurred ; Mitchell and Simon-Reuss (1952) have shown 
that if ‘“‘ Synkavit ” is kept at 39° C. before being applied to cells in tissue culture, 
there is a progressive reduction of its anti-mitotic activity with increasing length 
of time. The greatest amount of mitotic inhibition in the present experiments 
would therefore be expected to take place soon after application of the drug. 

The fact that the proportions of the various mitotic phases did not differ in 
* specimens treated for 24 hours with “Synkavit”’ from those of comparable 
controls was also found by Mitchell and Simon-Reuss (1952) and by Hughes and 
Simon-Reuss (1953). Hughes and Simon-Reuss concluded that “no single phase 
of mitosis is especially sensitive to the influence of “ Synkavit ’’.” 

In addition to the inhibitory effects of ‘‘ Synkavit” on mitosis, however, the 
occasional vacuolation of the cytoplasm in the chick cells suggests that some of 
the pathological anomalies may have owed their origin to some other cause. 
Cytoplasmic vacuolation was also reported by Mitchell and Simon-Reuss (1952) 
and by Hughes and Simon-Reuss (1953). 

The reduced size of the more grossly affected embryos might at first appear to 
be a direct result of the interference with cell division. Since specimens which 
were only slightly malformed tended to be of a size comparable with the controls 
it could be postulated these quickly overcame the inhibitory effects, or that the 
drug rapidly became inactivated, and that the embryos were thus soon able to 
continue their growth and differentiation in the normal way. It is, however, 
not impossible that the smallness of the severely disturbed specimens was accen- 
tuated by their reduced ability to carry out metabolic processes as compared with 
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the less disturbed embryos. There is some evidence that this may be so in the 
amphibian embryos, for after hatching they failed to increase in size as rapidly as 
the normal larvae. It is strange, moreover, that if the small size of the grossly 
disturbed embryos is due entirely to a reduction in the rate of cell division, this 
phenomenon has not apparently affected the extra-embryonic tissues in the chick. 
Bellairs (1954) has shown that after heavy doses of folic acid antagonists the area 
opaca, whilst continuing to expand over the surface of the yolk, tears itself into 
holes; this was deduced to be the result of the continued expansion of that region 
in the face of an inadequacy in the cell population. 

The inhibition of blood-island formation in the area vasculosa of the chick 
embryos may have been due to a partial inhibition of cell division in the splanch- 
nic mesoderm. It is strange that this effect persisted up to the third day, however, 
for considerable recovery of the affected cells and a reduction in the inhibitory 
powers of the drug would be expected to have taken place during this time. 
It seems possible, therefore, that some effect in addition to mitotic inhibition may 
have influenced the development of the area vasculosa. 

The failure of the neural folds to close off dorsally is a phenomenon which 
can be produced with some regularity in embryos by the application of diverse 
techniques, e.g. by ultra-violet irradiations (Davis, 1944), by lithium (Jenkinson, 
1906; Ogi, 1954), by trypan blue (Gillman, Gilbert and Gillman, 1948), or by 
concentrated salts and glycerine (Hobson, 1941). It is unlikely that the mecha- 
nism involved in each case is an interference with mitosis. It is difficult to 
ascertain, therefore, whether reduced cell division is the only cause for the failure 
to close of the neural plates in the present experiments. Ancel (1945, 1946) is of 
the opinion that when teratogenous substances which produce spina bifida are 
applied to chick embryos of about 26 hours’ incubation they act primarily on the 
underlying mesoderm, which consequently fails to bring about normal neural 
induction. In the present experiments, however, there was no reduction in the 
amount of mesoderm present, nor did it appear to be malformed in this region. 

The failure of dorsal closure is unlikely to be the result of a failure of the 
neighbouring ectoderm to expand sufficiently to permit the process, since the 
latter often possess hyperplastic patches, at least in the amphibians. 

Evidence from other sources as to the factors responsible for neural tube 
closure is contradictory, though many authors believe that changes in cell shape 
rather than in cellular proliferation are important. Mitotic nuclei are found only 
along the free edge of the neural plate because the cells round up and move into 
that position in order to divide (Altmann, 1885; Rabl, 1918; Sauer, 1935, 1936). 
After division the two daughter cells elongate and their nuclei migrate back to 
the basallayer. Boerema (1929) using amphibian embryos has described changes 
in cell shape, the ectodermal cells becoming taller and more wedge-shaped as neural 
tube closure proceeds. It is of interest therefore that in the present experiments 
the histological arrangement of the chick neural tissue differs between neural tubes 
and open neural plates even in the same embryo. It is suggested that where the 
neural plate has failed to close there was an interruption of the process of cell divi- 
sion which had repercussions on the shape of individual cells. It is known that cells 
which have been interrupted during mitosis may sometimes reform a resting 
nucleus (Hughes, 1950). It seems possible that, such an interruption having 
occurred in the neural plate, the reformed nuclei do not return to their original 
position in the basal layer and their cytoplasm fails to reassume a columnar struc- 
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ture. Such a process would lead to an increase in the width of the free as opposed 
to the basal edge of the neural plate, and could therefore result in a failure to close 
toatube. If this is so, however, it poses the difficult question as to why the recon- 
structing nuclei fail to return to the basal layer. 

A similar explanation was put forward to account for the frequent failure to 
form the foregut floor in chick embryos after treatment with folic acid antagonists 
(Bellairs, 1954). In the present experiments, however, such abnormalities in the 
histological pattern of the foregut floor were found in only 5 specimens, and in 
each case the extent of the region with arrested or reconstructed mitoses was so 
restricted that it cannot be regarded as a prime cause of the failure to close. The 
reason for the production of this anomaly in the chick embryos, after treatment 
with “ Synkavit,”’ together with the frequent failure of the two heart vesicles to 
unite, is obscure, and the possibility cannot be excluded that some action of the 
drug other than mitotic inhibition may have contributed to it. 

The pathological effects produced in chick embryos by the application of a 
number of different mitotic inhibitors are not constant, e.g. somites frequently 
failed to develop when chick embryos were treated with aminopterin (Bellairs, 
1954), but not when colchicine (Bellairs, 1954) or “ Synkavit”’ were applied. 
Strophosomy may be produced when blastoderms are treated after 48 hours’ 
initial incubation with colchicine (Lallemand, 1939 ; Bellairs, 1954, unpublished), 
but not with “ Synkavit ”’. This lack of unity may in part be due to a failure to 
employ comparable concentrations of the drugs, and to the fact that whereas the 
dividing cells are able to recover from the effects of certain inhibitors (e.g. folic 
acid antagonists and “ Synkavit’’), their further development is completely 
impeded with others (e.g. colchicine). When doses sufficiently high to inhibit all 
axis formation are used, however, the effects are still not constant, aminopterin 
leading to the development of an open meshwork in the blastoderm, especially in 
the area opaca (Bellairs, 1954), “ Synkavit ” frequently causing a dissolution of 
the area pellucida; excessive doses of colchicine usually produced small dense 
blastoderms, irregular in shape and with no hole in them; frequently they were 
only partially fixed to the vitelline membrane and the free edge had become 
folded over, ectoderm to ectoderm (Bellairs, 1954, unpublished). 

The lack of conformity of results obtained with substances often considered 
to be “ mitotic inhibitors,” could only be interpreted if more were understood 
about the biochemical processes which are disturbed by these agents. Nothing 
is known about the chemical mode of action of either colchicine or ‘‘ Synkavit ”’. 
It is not possible therefore to analyse the observations recorded above, beyond the 
statement that although some of the effects are probably the result of mitotic 
inhibition, others may have been caused in other ways. In this connection it is 
of interest that ‘‘ Synkavit ” may have at least two quite different effects on cells ; 
on the one hand it is required by liver cells in the synthesis of prothrombin, a 
protein with a highly specific function, and on the other, it sensitises some malig- 
nant cells to the effects of ionising irradiation (Mitchell, 1953). 


SUMMARY. 
1. Chick and amphibian embryos have been treated during gastrulation with 
a mitotic inhibitor, tetra-sodium 2-methyl 1:4-naphthohydroquinone diphosphate. 
2. The effects of this compound on the mitotic cells are described. 
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3. The most frequent morphological anomaly was that the neural folds failed 
to close in the region of the presumptive hind brain. It is suggested that inter- 
ference with cell division led to a change in the histological structure of the neural 
plate, the width of the free distal surface failing to become less than that of the 
basal part. 

4. Other anomalies in the chick were failure of the two sides of the foregut 
floor and the two heart vesicles to unite ventrally, reduction in blood island 
formation and in the size of the embryos. It is concluded that these anomalies 
were not solely due to an interference with cell division. 


This work was begun in the Anatomy Department of the University of Cam- 
bridge at the suggestion of Dr. A. F. W. Hughes. I am most grateful to Mrs. I. 
Simon-Reuss, not only for gifts of ‘‘ Synkavit ” but also for reading the manuscript. 
Mr. M. Abercrombie also kindly read the manuscript. I am indebted to Miss 
O. Wilkinson and Mr. J. F. Fozzard, F.R.P.S., for assistance with the photographs. 
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VITAMIN B COMPLEX AS A DETERRENT TO SKIN IRRITATION. 


G. M. SCOTT. 


From the Helen Chambers Research Laboratories, 
The Marie Curie Hospital, London N.W.3. 


Received for publication October 18, 1954. 


THE object of the experiments reported in this paper was to find out whether 
rats could be made more resistant to a skin irritant by the addition of Vitamin B 
complex to their normal diet. Previous experiments had shown that rats were 
made much less susceptible to grafts of sarcoma when Vitamin B was added to 
their diet of hospital scraps (Scott, 1949). " 

The rats used for these experiments were all of a black and white breed, 
which for many generations has been fed on a diet of hospital scraps consisting 
of meat, fish, puddings, milk, cheese and other fats, fruit, vegetables—both raw 
and cooked—a large quantity of vegetable peelings and dry bread. For many 
years the rats have kept in excellent condition on this diet and have been singularly 
free from disease. 

A 0-5 per cent solution of 9,10-dimethyl-1,2-benzanthracene in benzene 
has been used, as this has been shown by many to produce definite skin lesions. 
Berenblum (1949) has given the comparative results of treating the skin of the 


mouse, rabbit, rat and guinea-pig. 


EXPERIMENTAL METHOD. 


Young rats from 70-150 g. in weight were used, great care being taken that 
controls and experimental rats should be of the same sex, age and weight ; when 
possible a litter was equally divided into control and experimental rats. 

A yeast extract and a synthetic Vitamin B mixture were supplied by Mr. F. A. 
Robinson (of Messrs. Allen and Hanbury) who made it possible for the feeding 
experiments to be carried out on a quantitative basis. The yeast extract was 
made by aqueous extraction of food yeast (Torula) and concentration of the extract 


to about one-tenth of its original weight. 


The Synthetic Vitamin B mixture consisted ee 


Aneurine ~ - 150 mg. 
Pantothenic acid ‘ 500 ,, 


Lactose 


The addition of lactose made it easier to weigh and distribute evenly to the 
animals ; 120 mg. of this mixture was estimated as equivalent in vitamin content 
to 2} g. of yeast extract. Both mixtures were freshly mixed in water every day 
and a measured quantity added to the attractive bits in the rats’ food, which 
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were certain to be eaten. The controls had similar scraps with no additions. 
In all cases, once begun, the extra feeding was kept up for the rest of the rat’s 
life. 

A square centimetre was closely clipped in the middle of the rat’s back and 
two drops of the solution (approximately one-twentieth c.c.) dropped on the bald 
area. The close clipping with scissors gave much the same result as shaving, but 
avoided the risk of damaging the skin with a razor. 

Notes were made on the exact condition of the skin every week ; when spots 
and warts appeared measurements were made with dividers on a mm. scale. 


Experiments. 

Group A.—All the experimental animals in this group had a total of 2} g. 
of yeast extract per week added to their scrap diet. The controls were from the 
same litters, matched in sex with the experimental rats. 

Once a week two drops of dimethyl-benzanthracene were dropped on a closely 
clipped area 1 cm. square in the middle of the back. 

There were eight different experiments (84 rats) ; the length of time of special 
feeding before the treatment began varied from 3} to 9 weeks. The treatment 
lasted 3}, 4, 44, 5 or 54 months. 

In due course the usual effects appeared—rough skin, small spots, then warts 
and eventually, in many cases, definite tumours. Table I shows the onset of the 
first definite spots and the area covered by lesions on the last date before any of 
the rats had to be killed. The number of rats which developed definite tumours 
is also given. 

It will be seen from Table I that the yeast feeding appears to have delayed 
the onset of lesions ; the area covered by the warts was also only over half the 
affected area in the controls (0-54 of the control area) and the percentage which 
developed definite tumours was 73 against 77 in the controls. All the controls 
developed definite skin lesions, but 3 of the experimental rats remained free. 

The rate of growth of the warts in the experimental rats was slower on the 
whole than the controls. 

Group B.—Thirty-two rats in this group of experiments were given three 
times the weekly dose of 2} g. of yeast extract used in Group A. The parents 
too were fed on this diet before they mated. 

Thirty-four rats of the same age and sex were taken from the ordinary stock 
for controls, the finest specimens being chosen, as the yeast feeding generally adds 
about 20 or 30 per cent to a young rat’s weight, and they compare favourably 
with the finest specimens in the stock litters. 

The length of treatment with dimethyl-benzanthracene varied from 3 to 6 
months. As will be seen from Table I, the resistance was considerably increased 
by the larger dose of yeast in which the parents shared. The percentage of definite 
tumours was 25 in the experimental rats against 65 in the controls, a great improve- 
ment on Group A, and the area covered by warts in the experimental rats was only 
a third of that in the controls. All the controls developed definite lesions, but 
two of the experimental rats remained free all their lives. 

Group C.—All the rats in this group were treated with dimethyl-benzanthracene 
in the same way as Groups A and B. The treatment lasted 5 or 6 months. The 
22 experimental rats were given a dose of the synthetic B mixture calculated as 
equivalent to twice the dose of yeast extract in Group A : previous experiments 


-Results of Treatment. 


TABLE I. 
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with tumour grafts had shown that the synthetic B mixture was not as powerful as 
the yeast extract. The parents, too, were fed on this mixture. 

The results were very similar to those in Group A although the dose was 
calculated to be twice as much. The onset of the warts was less delayed than in 
Group A, but the area covered by lesions in the experimental rats on the last day 
before any were killed (0-54 of the control area) and the percentage of definite 
tumours was 86-5 in the experimental group against 91 in the controls. 

Group D.—Fourteen rats were given } mg. aneurine hydrochloride per week ; 
7 had treatment with dimethyl-benzanthracene for 3 months and were fed on 
aneurine hydrochloride for 3 weeks before beginning treatment ; the other 7, 
the offspring of aneurine hydrochloride-fed parents, had treatment for 5 months. 
There were 18 controls. The results of the two experiments are given together, 
as there was little difference between the rats fed for a shorter time before begin- 
ning the short treatment and those treated for a longer time, which were the off- 
spring of parents on the same diet. A very marked protection was shown by the 
aneurine-fed rats, none of them developed definite tumours against 44-5 per cent 
of the controls ; 6 of the 14 aneurine-fed rats had no lesions, whilst only 1 of the 
controls remained free. 


DISCUSSION OF RESULTS 


From these experiments it appears to be possible to increase a rat’s resistance 


tion of 9,10-dimethyl 1,2-benzanthracene, by adding Vitamin B to its diet of 
hospital scraps. The effect of the yeast extract was much more marked when the 
dose was increased and the parents, too, were fed on the extra vitamin. A dose 
of 2} g. per week added to the scrap diet produced a definite effect, the onset 
of warts was delayed and they did not grow so quickly, the area covered by the 
lesions was only just over half that in the controls on the last day before any rat 
had to be killed. When the dose of yeast was increased to 7} g. a week and the 
parents, too, shared this diet, the results were much better, the area of the lesions 
in the experimental rats was only a third of the area in the controls and the 
percentage of rats which eventually developed definite tumours was 25 against 
65 in the controls. In both groups all the control rats developed lesions, while 
2 or 3 of the experimental rats remained free in each group. 

In Group B it is doubtful how much the rats really consumed, as 7} g. of yeast 
extract per week makes the food very bitter and a fraction was generally left. 

The synthetic B mixture given to a group of rats (C) gave much the same 
result as the yeast extract in Group A, although the dose was estimated as equi- 
valent in Vitamin B content to twice as much as the yeast extract, and the rats 
were the offspring of parents on the same synthetic B diet. 

Rats fed on $ mg. of aneurine a week which were the offspring of parents on 
the same diet showed a marked resistance to the 9,10-dimethy] 1,2-benzanthra- 
cene. None of the 14 rats developed definite tumours, while 44-5 per cent of the 
controls did ; 6 of the aneurine rats remained free of any skin lesions, while only 1 
of the controls escaped. 

The length of life was prolonged beyond the normal by the addition of Vitamin 
B to the rats’ food. Many of these lived to be as much as two years old and were 
in quite good condition at that age. 


to the ill effects of several weeks’ treatment of the skin with a 0-5 per cent solu-- 
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Table II shows the survival figures. In the case of the synthetic B fed rats, 
the numbers alive at 1 year instead of 2 years is given, as only 2 of the rats in 
this group lived to be as much as 18 months old. 


TaBLE II.—£ffect of Addition of Vitamin B to Diet on Length of Life of Rats. 
Number of rats alive when 


Feeding. 2 years old. 
% 
23 g. yeast extract . ‘ 7 out of 44 ° 16 
74 g. yeast extract . 8 , 3 25 
Controls . « 3 


The rats do not dislike aneurine or the synthetic mixture. Probably better 
results could be obtained by using a small dose of yeast extract with a much larger 
dose of aneurine than that given here. The Tables do not show the gradual 
changes from spots to warts to definite tumours, but when the results are studied 
in detail the difference between the experimental rats and the controls is rather 
more marked than the tables show. 

The difference in the rate of onset of the warts in the different groups of con- 
trols is probably due to either the length of treatment with dimethyl-benzanthra- 
cene, or the age of the rat when treatment began, or the variation in the toxicity 
of the different consignments of dimethyl-benzanthracene. None of these 
differences affects the comparison of the experimental rats with their own controls, 
as these variables were kept constant in each experiment. 


SUMMARY OF RESULTS 


When yeast extract or synthetic Vitamin B mixture or aneurine hydrochloride 
is added in the diet of a rat its skin can become resistant to the irritating effects of 
a 0-5 per cent solution of 9, 10-dimethyl 1, 2-benzanthracene in benzene. 

If enough Vitamin B is given the onset of warts is delayed, the area covered by 
lesions is smaller and the percentage producing definite tumours is lower than in the 
controls. 


I am most grateful to Mr. F. A. Robinson, M.Sc., of Messers Allen & Hanbury 
for supplying both the yeast extract and the synthetic Vitamin B mixture. With- 
out his help it would not have been possible for these experiments to have been 
carried out on a comparative basis. 
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TUMOR LOCALIZATION STUDIES WITH SULFUR 35-LABELED 
DISULFONAMIDO DERIVATIVES OF FLUORENE. 


MARY F. ARGUS anp KATHLEEN HEWSON. 
From the Cancer Research Laboratory, University of Florida, Gainesville, Florida. 


Received for publication September 23, 1954. 


INVESTIGATIONS concerning the possible localization of radio-active-labeled 
dyes in tumors have shown that some of these compounds tend to concentrate 
in vital organs to a greater extent than in cancerous tissue. Thus Br** and I?! 
derivatives of Evans Blue and Trypan Blue, when administered to tumor-bearing 
mice, localized in the neoplasm to a greater extent than in skeletal muscle or 
skin, but considerably less than in liver, spleen or kidneys (Moore, Tobin and 
Aub, 1943; Stevens, Lee, Stewart, Quinlin and Gilson, 1949). 

If a compound could be found which would display a greater affinity for the 
tumor than for such vital organs as the liver and kidneys, while at the same time 
maintaining a favorable ratio of concentrations in tumor and surrounding tissue, 
it would greatly increase the chances of accurate diagnosis and therapy of internal 
cancer. 

Several characteristics of the sulfonamido linkage endow sulfonamides with 
diagnostic and therapeutic potentialities. So far as could be found in the literature, 
the work of Ray and Argus (1951) describes the only case of in vivo hydrolysis of 
a sulfonamido linkage and this hydrolysis occurred to the extent of only 0°5 per 
cent. The azo linkage which occurs in Evans Blue and Trypan Blue is quite 
susceptible to enzymatic fission. In addition to localizing in certain tissues 
(Bloch, Schiff, Fleming, Shapiro and Steinberg, 1945; Stevens, Quinlin, Meinken 
and Kock, 1950), sulfonamides have been shown to reduce the effective vitamin 
intake of animals by suppressing the intestinal flora, and this reduction of essential 
vitamins in the diet of tumor-bearing mice is known to inhibit the growth of 
tumors (Boyland, 1938). Ray and Soffer (1950) proposed the incorporation of 8* 
into these compounds. This short-range beta emitter would not only exert possible 
additional therapeutic effects, but would also offer a means of detection. 

Recent distribution studies in tumor-bearing mice with disodium fluorene-2,7- 
disulfonate-S® (Argus, 1953) revealed that the ratios of localization in tumor 
tissue compared to the liver, kidneys, spleen, blood and muscle for this compound 
were greatly increased over similar values obtained for dyes. Thus this fluorene 
compound offered a promising basis upon which to build sulfonamido derivatives 
for localization studies. In the present study, therefore, the following compounds 
were prepared : fluorene-2,7-disulfonamide-S® (I) ; fluorene-2,7-di-(sulfonamido- 
2’-naphthalene)-S® (II) ; and a sulfonated derivative of fluorene-2,7-di-(sulfona- 
mido-2’-naphthalene)-S®* (III). In addition to following the distribution of each 
of these sulfonamides in tumor-bearing mice, Compound II was also studied in 
control (non-tumor) mice and in tumor mice previously injected with glucose. 
It has been shown that rat tumor glycolysis lowers the pH of the tumor from 7-0 
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to 6-4, primarily because of the formation of lactic acid (Kahler and Robertson, 
1943). Ray and Soffer (1950) have suggested that injection of glucose prior to 
the administration of a sulfonamide might, by lowering the pH in the tumor, 
suppress the ionization of an acidic sulfonamide, thus reducing its solubility and 
forcing its deposition in the cancer tissue. 


MATERIALS AND METHODS. 


Fluorene-2,7-disulfonyl chloride-S*,—Fluorene, 16-6 g. (0-1 moles), was added 
slowly (20 minutes) with stirring to 36-6 ml. (0-6 moles), chlorosulfonic acid 
containing 5 to 8 millicuries Sulfur-35. After 4 hours standing at room tempera- 
ture, the reaction mixture was centrifuged and the precipitate collected, washed 
free of acid with cold water, and air dried. Recrystallization from toluene gave 
6-6 g. of product melting 215-218°; further purification brought the melting 
point to 225-226°, but such purity was not necessary for the subsequent reactions ; 
Courtot and Geoffroy (1924) report 225-226° for fluorene-2,7-disulfonyl chloride. 

Fluorene-2,7-disulfonamide-S®* (1).—Fluorene-2,7-disulfonyl chloride- 8*,3-8 g., 
was dissolved in 125 ml. chloroform and the solution was gassed with dry ammonia 
until the gas ceased to be absorbed. The reaction mixture was allowed to stand 
8 hours at 5°, after which the white precipitate was collected, washed free of 
ammonium chloride with water, washed with 20 ml. hot 95 per cent ethanol, and 
air-dried. The yield was 2°3 g. or 64 per cent of theory ; the compound had a 
specific activity of 64,000 counts per minute per mg. and melted on the block at 
314° ; Courtot (1930) gives a melting point of 315° for fluorene-2,7-disulfonamide. 

(II).—Finely powdered fluor- 
ene-2,7-disulfonyl chloride-S*, 5 g. (0-016 moles), was slowly added to a solution 
of 2-naphthylamine, 8 g. (0-058 moles), in 130 ml. benzene. The solution was 
stirred and maintained at 55° throughout the addition (20 minutes) and for an 
additional 2 hours, after which the reaction mixture was allowed to cool to room 
temperature and the precipitate collected. Evaporation of the filtrate to 120 ml. 
gave additional product. The combined precipitates were washed free of 2- 
naphthylamine hydrochloride with water and air dried. Recrystallization from 
95 per cent ethanol gave 2-7 g. (34-8 per cent of theory) of white product melting 
at 223-224° and having a specific activity of 27,000 counts per minute per mg. 
Analysis gave 11-68 per cent 8, 69-21 and 69-43 per cent C, 4-70 and 4-73 per 
cent H, and 4-45 and 4-64 per cent N ; the calculated values are 11-11 per cent 
S, 68-75 per cent C, 4-16 per cent H, and 4-84 per cent N. 

Sulfonated derivative of fluorene-2,7-di-(sulfonamido-2'-naphthalene)-S* (I11).— 
To fluorene-2,7-di-(sulfonamido-2’-naphthalene)-S®, 0-5 g. (0-9 millimoles), sus- 
pended in 5 ml. chloroform was added with shaking chlorosulfonic acid, 0-22 ml. 
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(3-4 millimoles), in 5 ml. chloroform. The reaction mixture was allowed to stand 
at room temperature for 40 minutes, after which the precipitate was collected, 
washed with chloroform and air dried. This product was dissolved in 10 ml. 
water and reprecipitated with an equal volume of saturated sodium acetate after 
the pH of the water solution had been brought to 9 with concentrated sodium 
hydroxide. The resulting 0-2 g. of product was dried over phosphorus pentoxide 
and used for the preliminary studies without analysis since it was difficult to 
completely free the compound from sodium acetate. The material injected had 
an activity of 20,000 counts per minute per mg. 


Animal experiments. 

A subaxillary transplanted, keratinizing squamous cell carcinoma (Line A, 
stomach carcinomata originally obtained from the Animal Supply and Research 
Units of the British Empire Cancer Campaign) was employed. The fluorene 
compounds were administered by tail vein injection when the tumors averaged 
300 mg. in weight ; the animals were sacrificed at 2-, 8- and 32-hour intervals 
following injection. Pooled samples from 2 animals were used for each determina- 
tion. The animals were etherized just prior to sacrifice and blood removed from 
the aorta at the iliac bifurcation, using a heparinized syringe. The concentration 
of radio-active material was determined in each of the following tissues : tumor, 
liver, spleen, kidneys, stomach with contents, intestine with contents, leg muscle, 
and subaxillary skin from the side opposite the tumor. Planchets of these samples 
were prepared and counted as described previously (Argus, 1953). 

The 30 mice used were 4 to 5 weeks old and were grouped as follows : 

Group I: Six strain A/Jax, 48th generation tumor hosts, each receiving 5 mg. 
fluorene-2,7-disulfonamide-S* (I) in 0-5 ml. 0-15 N NaOH. 

Group II: Eighteen CAF,/Jax hybrid mice each receiving 5 mg. fluorene-2,7- 
di-(sulfonamido-2’-naphthalene)-S* (II) in 0-25 ml. 4 per cent sodium 
bicarbonate containing 20 per cent ethanol. 

Subgroup Ila: Six 55th generation tumor hosts. 

Subgroup IIb: Six 55th generation tumor hosts each administered intra- 
peritoneally 120 mg. glucose in 0-1 ml. water, immediately prior to 
receiving (II). 

Subgroup IIc: Six non-tumor mice. 

Group III: Six CAF,/Jax hybrid mice, 55th generation tumor hosts, each 
receiving 5 mg of the sulfonated derivation of fluorene-2,7-di-(sulfon- 
amido-2’-naphthalene)-S® (III) in 0-25 ml. water. 


RESULTS AND DISCUSSION 


The results of the distribution studies with fluorene disulfonamides are sum- 
marized in Table I : Two hours after administration of fluorene-2,7-disulfonamide- 
S* (Group I) the leg muscle had a higher concentration of the compound than did 
the tumor. At 8 and 32 hours, however, localization in the neoplasm was slightly 
higher than in the muscle. At none of the time intervals studied did the tumor 
concentrate more of the compound than did the liver, kidneys and spleen. These 
findings are in contrast to those obtained previously with fluorene-2,7-disulfonate 
which showed a more favorable localization in the tumor than in the vital organs 


(Argus, 1953). 
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TaBLE I.—Distribution of Radioactivity in Mice following Intravenous Injection of 
Disulfonamido Derivatives of Fluorene. 


Concentration in «»g* compound Per cent administered radio- 
per g. tissue or or ml. blood, activity rect recovered.t 


t Group Group jon Group Group Group “—— Group Group Group 
I Ila Ib. Ile. Il. Ila. IIb. IIe. III. 


Two hours : 
Leg muscle. 80 64 
Liver 
Spleen . 610 
Kidneys . 
Blood 


= 
| | 


| 


Skin 

Stomach with 
tents . 

Small intestine with 
contents 


~1 
be 


Total 


Eight hours : 

Tumor 

Leg muscle 

Liver 

Spleen 

Kidneys . 

Blood 

Skin 

Stomach with con- 
tents . 

Small intestine with 
contents 


to 


| 


| 


| eres | | 


1 
a 
aio 
a 


o 


to 
to 


Total 


Thirty-two hours : 

Tumor . 

Leg muscle 

Liver 

Spleen 

Kidneys . 

Blood 

Skin 

Stomach with con- 
tents . 

Small intestine with 
contents 


Total 


* Calculated on the assumption that the administered molecule remains intact. 

+ The per cent recovery is based on the analysis of 2 mice (10 mg. active compound). 

¢ Group I, tumor mice receiving fluorene-2,7-disulfonamide-S® ; Group II, mice receiving 
fluorene-2,7-di-(sulfamido-2’-naphthalene)-S* (a, tumor mice; 6, tumor mice previously injected 
with glucose ; c, non-tumor mice) ; Group III, tumor mice receiving sulfonated derivative of fluorene- 
2,7-di-(sulfonamido-2’-naphthalene)-S*. 


A 
|? 


A 
Radars 


An even greater contrast was obtained with fluorene-2,7-di-(sulfonamido-2’- 
naphthalene)-S* (Group Ila). Here the concentration of compound in the tumor 
was at all times less than that found in any other tissue analysed. A comparison 
of the concentrations of radio-activity in the blood of the animals of Group Ila 


0-7 
8-7 
0-6 
2-7 
18-5 
60 70 56 634 . 
69 100 72 #116 #140. 0-5 0-3 0-3 0-7 
504 312 326 290 906 . 13-0 6-0 7-5 16-9 
60 54 46 — 156. 1-1 ; 
52 88 94 56 48. — 
1042 760 644 #1288 328 . 5-6 
360 394 220 1486 86... 0-2 
1052 346 360 280 236. 1-0 
109 553 510 226 268 =. 5-8 
— 120 #110 90 288 . — 
36 86 78 8s 138 . | 0-4 po 0-6 
282 372 328 260 706. 8-4 12-5 
30 0 4 — 90... 0-2 0-0 1 —_— 1-0 q 
14 10 0 0 — — |_| 
750 142 74 #186 80. 18:1 3-1 4-4 1-5 
397 3 0 28 4 .. 0-6 <0-1 <0-1 <0-1 
762 28 6 20 36—=« 5-6 0-2 0-2 0-2 
45 38 22 23 65. 1-2 0-8 0-7 1-6 
— 42 24 32 — 
30 48 18 16 146. 0-2 0-2 <01 0-1 <0-1 
246 52 20 38 10. 4-1 2-2 0-5 1-1 0-2 
° 30-0 <6-6 <3-3 <6-6 <4-7 
2 
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at the different time intervals showed a greater amount of activity in the blood 
at 8 hours than at 2 hours. Since the compound was administered intravenously, 
the data indicate a return to the blood of the compound or a metabolite at some 
time after the initial uptake of compound from the bload. 

The animals in Group II, differed from those in Group Ila only in that the 
former received an intraperitoneal injection of glucose prior to the administration 
of fluorene-2,7-di-(sulfonamido-2’-naphthalene)-S*®*. This was done in the hopes 
of improving the localization of radioactive compound in the tumor, by decreasing 
the pH of this tissue. A comparison of the data in Table I for these two groups, 
however, does not reveal any substantial differences in the distribution of radio- 
activity. Thus, if the pH of the neoplasm was decreased, the solubility of the 
disulfonamide at the lower pH was not sufficiently different from that at the usual 
tumor pH to bring about increased localization. 

Contrasts do exist between the distribution data for Group IIc and Group Ila, 
indicating a difference in the metabolic process of tumor-bearing mice compared 
to non-tumor-bearing mice receiving the same compound. The disulfonamide was 
concentrated in the liver and spleen of the control animals (Group IIc) to a greater 
extent than in these organs in the mice with tumors at 2, 8, and 32 hours. The 
concentration of radioactivity in the liver of the control mice at 8 hours was 
almost twice that in the tumor-bearing mice, while the spleen of the controls 
held over three times as much compound as did the spleen of the animals of 
Group IIa. Although the spleens of the tumor hosts were slightly enlarged, 
histological examination did not reveal any pronounced differences in the livers 
and spleens of the tumor mice compared with those of control mice. The contrast 
in localization of labeled disulfonamide which exists indicates that the presence 
of a tumor in the animal body has affected some mechanism in these vital organs. 
Since, in the present study, this difference could be measured while no changes 
were evident microscopically, a possible diagnostic tool is suggested. 

Comparing the blood data for Group Ila and Group IIc, the values for the 
non-tumor animals present a more reasonable picture inasmuch as the highest 
activity was found at 2 hours followed by successively decreasing concentrations 
at the longer time intervals. The total amount of compound accounted for at 2 
hours in the control mice was significantly greater than that found in tumor- 
bearing mice at the same time (72-8 per cent of the administered dose as compared 
to 46-6 per cent). This increased recovery for the animals of Group IIc was due 
chiefly to the greater concentrations in the liver, spleen and blood. At 8 and 32 
hours no particular difference in the total recovery existed. 

In the present study the best results with respect to tumor localization were 
obtained with the sulfonated derivative of fluorene-2,7-di-(sulfonamido-2’- 
naphthalene)-S*5(Group III). At each time-period studied a greater concentration 
of this compound was found in tumor tissue than for the other compounds tested. 
For the animals of Group III, the localization in the tumor tissue at 8 hours was 
greater than that in the leg muscle and spleen, while at 32 hours the concentration 
of radioactive compound in the neoplasm was greater than that in any of the 
tissues analysed. These data, together with those obtained previously with 
fluorene-2,7-disulfonic acid (Argus, 1953), suggest that the presence of sulfonic 
acid groups in a molecule offers a better chance for tumor localization. 

Favorable localization appears to be due in part to the solubility of the com- 
pound. This difference in solubility is also reflected in the rapidity of elimination 
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of the compound from the animal body. Chemical studies revealed fluorene-2,7- 
di-(sulfonamido-2’-naphthalene)-S® to possess a slightly greater solubility than 
fluorene-2,7-di-sulfonamide-S® (Group I). In line with this, at 32 hours the total 
amount of compound accounted for in animals receiving the naphthalene deriva- 
tive was substantially greater than that found in the animals of Group I. The 
even more soluble sulfonic acid compound (Group III) was eliminated most 
rapidly, the difference in total amount remaining in the animals being marked 
as early as 8 hours. 

The size of the molecule is also to be considered. The sulfonic acid investigated 
in the present study (Group III) was a much larger molecule than the fluorene-2,7- 
disulfonic acid studied previously (Argus, 1953). Inasmuch as increasing the 
molecular weight did not increase tumor localization, the authors feel that an 
aromatic sulfonic acid of lesser molecular weight than fluorene-2,7-disulfonic acid 
should be investigated. 


SUMMARY. 


Syntheses are described for fluorene-2,7-disulfonamide-S® (I); fluorene-2,7- 
di-(sulfonamido-2’-naphthalene)-S® (II) ; and a sulfonated derivative of fluorene- 
2,7-di-(sulfonamido-2’-naphthalene)-S®* (III). The distribution of radioactivity in 
the tissues of tumor-bearing mice following a single injection of each of these 
compounds was studied at 2-, 8-, and 32-hour intervals. In addition, Compound 
(II) was also traced in non-tumor mice and in tumor mice previously injected 
with glucose. Differences in the metabolic process of tumor-bearing and tumor- 
free mice were suggested. The most favorable tumor localization was obtained 
with the sulfonated derivative. 
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Hyperp.asia of the interstitial cells of the testis leading eventually to meta- 
stasising carcinomas has been induced in certain strains of mice by means of 
tri-phenyl-ethylene (Bonser and Robson, 1940 ; Gardner, 1943 ; Bonser, 1942 and 
1944), oestradiol benzoate (Hooker, Gardner and Pfeiffer, 1940; Hooker and 
Pfeiffer, 1942) and stilboestrol (Hooker, Gardner and Pfeiffer, 1940 ; Hooker and 
Pfeiffer, 1942 ; Shimkin, Grady and Andervont, 1941). 

It at first appeared (Hooker and Pfeiffer, 1942 ; Gardner, 1943) that grafts of 
these tumours would only grow in mice exposed to exogenous or endogenous 
oestrogen, but Bonser (1944) successfully transplanted a tumour of this type to 
normal males. Gardner (1945) found that transplants of an interstitial cell 
tumour, induced by tri-phenyl-ethylene in a Strong A mouse, would not grow 
in the absence of oestrogen, but persisted in a latent state. However, growth 
followed the implantation of stilboestrol pellets into the host, even with an interval 
of 204 days between grafting and oestrogen treatment. Subsequent generations 
of this tumour became independent and grew in both oestrogen and non-oestrogen 
treated mice (Gardner, personal communication). 

According to Huseby (1954) transplants of an interstitial cell tumour of the 
testis grew in both male and female castrates. Treatment of intact male hosts 
with LH or large doses of testosterone permitted transplants of this tumour to 
grow, although LH inhibited its growth in castrated females. In the following 
experiments the effects have been observed of various hormonal environments 
on the latent period of the grafted interstitial cell tumour induced by Bonser (1944). 


MATERIALS, 


The original tumour was transplanted in the F, generation to a female, but 
succeeding grafts grew in both normal males and females (Bonser, 1944). Up to 
the 25th transplant generation no precise determination was made of the latent 
period before active growth commenced. From the 25th generation onwards 
the latent period was determined in each host and was found to be considerably 
longer in females than in males (Table I). With further transplantations the latent 
period decreased from 90 days in females of the 25th to 30 days in females of the 
38th generation ; similarly the latent period in males diminished at about the same 
rate in successive generations, but was always less than in females. 
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TasBLE I.—Latent Period of Grafts of a Testicular Tumour during the 
25th-38th Generation of Transplants. 


Females. Males. 
generation Number of Average latent Number of Average latent 
No. i period (days). mice. period (days). 
90 . 8 38 
96 ° 6 58 
98 6 
53 6 
58 5 
51 . 9 
- Not 
5 


“5 


rded 


35 


reco 
62 ‘ 4 
33* ‘ 0 
6 
6 
° 6 
30 ~9 


* These mice were ovariectomised. 


METHODS. 


The tumour to be transplanted was removed aseptically and minced. Small, 
approximately equal, amounts of this tissue were then transplanted by trocar 
into the right groin of adult mice of the same strain. Each host was palpated 
daily until the tumour graft could be felt as a small nodule about the size of the 
inguinal lymph node. The time after transplantation at which this occurred was 
taken as the latent period. The tumour to be grafted was obtained from a male 
host in all cases (except for Generation 35, when an ovariectomised female was the 
donor). 

The latent period of tumour grafts was determined (Tables II and IIT) in nor- 
mal and castrated females and males (Experiments 1-4, 11—12), normal females 
injected with testosterone (Experiment 5), castrated females or males treated with 
oestradiol dipropionate (Experiments 6, 7 and 13), triphenylethylene (Experiments 
8 and 14), aa-(p-hydroxy-phenyl)-f-bromo-ethylene (Experiment 16) or stilb- 
oestrol (Experiments 10 and 17). 

The quantities of oestrogens injected were all sufficient to maintain permanent 
vaginal keratinisation in ovariectomised females, and the amount of testosterone 
was sufficient to suppress all vaginal indications of oestrus. 

The tumour tissues used comprised the 29th, 30th, 33rd and 38th generations 
of grafts. The average latent period in normal females or normal males of 
Generations 29, 30 and 33 did not vary greatly (Table I) and the results obtained 
with tumours of these generations are thus considered to be directly comparable 
and have been combined (Group A, Table II). However, the latent period 
shortened considerably between Generations 33 and 38, and so the results obtained 
with Generation 38 of this tumour cannot be directly compared with Group A, 
and are considered separately (Group B, Table IIT). 

The grafted tumour was removed surgically from 3 females of Experiment | 
after it had attained a diameter of about 2cm. A portion was then autotransplanted 
to the opposite groin and the latent period in this new site determined (Table IV). 


33 30 
34 
35 31 
36 30 
37 22 
38 , 19 
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RESULTS. 


In Group A (Table II) the average latent period in males (35 days) was not 
affected by castration (Experiments 2 and 4), but in females ovariectomy reduced 
it from 56 to 36 days (Experiments 1 and 3). Treatment of castrated hosts with 
oestradiol dipropionate (Experiments 6 and 7) or stilboestrol (Experiment 11) 
increased the average latent period from 36 to 120-121 days, but tri-phenyl- 


TABLE II.—Group A: Effect of Various Hormonal Conditions on the Latent Period 
of a Grafted Testicular Tumour (Constituting the 29th, 30th and 33rd Generations 


of Transplants). 


Individual Average 


Experi- Total latent latent 
ment Operative number of __ periods in period 
No. Sex. treatment. Hormonal treatment. mice. days. (days). 
1 . F. . None. None. - 13. 70, 65,65,61, . 56 
57, 57, 57, 
| 57, 55, 49, 
46, 46, 41 


55, 43, 39, 38, 
36, 36, 35, 
35, 35, 33, 
32, 32, 32, 

31, 30, 29, 

29 


50, 46, 43, 43, 
39, 38, 35, 
33, 33, 33, 

32, 29, 28, 

28, 23 


47, 43, 43, 38, 
36, 35, 35, 
34, 32, 32, 

32, 29, 29 


Injected 6 mg. testo- . . 57, 57, 54, 52, 
sterone propionate 52, 52 
once per fortnight. 


Injected 50 ug. oestra- . - 197, 116, 113, 
diol dipropionate 112, 108, 
once per fortnight. 107, 107, 

106 


Injected 50 ng. oestra- . - 190, 185, 107, 
diol dipropionate 105, 99, 99, 
once per fornight. 94, 83 


Injected 3 mg. triphe- . 5 . 42, 38, 36,36, . 38 
nylethyiene once per 36 
fortnight. 


Injected 1-5 mg. tri- . 5 . 35,33,31,23, . 29 
phenylchlorethylene 23 
once per fortnight 


Injected 0-5 mg. stilb- . 
oestrol once per 
fortnight. 
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ethylene (Experiment 8) and tri-phenyl-chlor-ethylene (Experiment 9) had no 
effect. 

In Group B (Table III), oestradiol dipropionate (Experiment 13) and stilboes- 
trol (Experiment 17) increased the latent period from 20 days to 30 days in 
castrated hosts, whereas tri-phenyl-ethylene (Experiment 14), tri-phenyl-chlor- 
ethylene (Experiment 15) and aa-(p-hydroxypheny])-f-bromo-ethylene (Experi- 
ment 16) had no effect. In this group, however, the average latent period in 
normal females was 30 days and in normal males 20 days, so that the prolongation 
of the latent period by oestradiol dipropionate or stilboestrol was not so marked 
as in Group A. 

There were no significant variations in the latent period of auto-transplants 
of the tumour in 3 females of Experiment 1 (Table IV). 


TaBLe IlIl.—Group B: Effect of Various Hormonal Conditions on the Latent 
Period A a Grafted Testicular Tumour ee the 38th Transplanted 


Individual Average 
Total latent latent 
Operative number periods period 
treatment. Hormonal treatment. of mice. (days). (days). 
None. ° None. - 8 . 31,31,31,31, . 2 
31, 31, 24, 
19 


24, 20, 19, 19, 
19, 19, 19, 
19, 19 


Injected 50 vg. oestradiol . . $31, 31, 31, 31, 
dipropionate once per 31, 31, 24 
per fortnight. 


Injected 3 mg. triphenyl-  . - 20, 20, 20, 19 
ethylene once per fort- 
night. 


Injected 1-5 mg. triphe- 
nylethylene once per 
fortnight. 


Injected 0-5 mg. aa-(p- . - 20, 20, 19, 19, 
ydroxyphenyl) - # - 19, 19, 19, 
bromoethylene once 18, 18 
per fortnight. 


Injected 0-5 mg. stilb- . - 81, 31, 31, 27, 
oestrol once per fort- 24 
night. 


Taste [V.—Latent Periods of Testicular Tumour, Grafted First into the Right 
Groin and then Autotransplanted to the Left Groin of Adult Female Mice. 


Latent period of 
Latent period of first autotransplant 
graft in right groin into left groin 
(days). 
61 
59 
63 


Experi- 
ment 
No. Sex. 
20, 17 
3 
Mouse No. 
1 
2 
3 
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Once growth had commenced it continued progressively in ail grafts despite 
continued oestrogen treatment. At no time during the observation of this 
tumour was there variation of its microscopic appearance. 


DISCUSSION. 


These experiments were commenced 8 years after the induction and first 
grafting of the interstitial cell tumour of the testis. The shortening of the latent 
period which occurred during the next 2 years seems to have taken place step-wise 
and not as a gradual decrease (Table I), and at the same time the susceptibility of 
the latent period to certain oestrogens was also reduced (Tables II and III). 
This increased independence of the hormonal environment with time conforms 
to the concept of progression (Foulds, 1949) and is paralleled by the behaviour of 
the interstitial cell tumour investigated by Gardner (1945) which eventually grew 
freely in both oestrogen and non-oestrogen treated animals. It is reasonable to 
suppose that the tumour used here was hormone-responsive when it arose, and 
if that were so the period of 10 years during which it remained responsive was a 
long one, being at least 4 times the normal life of a mouse. 

The results of the experiments in Group B, although not directly comparable 
with those of Group A, are confirmatory in that the latent period of grafts was 
influenced by hormonal treatments in the same direction although not to the same 
extent. 

As the latent period of grafts was less in castrated than in normal females, but 
was the same in both normal and castrated males, it follows that the delayed start 
of growth in intact females was due to inhibition by the ovarian secretion and not 
to a lack of stimulation by the testicular hormones. 

Oestradiol dipropionate also considerably increased the latent period of the 
grafts and so it was presumably this component of the ovarian secretion which was 
the inhibiting agent. This effect of oestrogen is completely opposite to that 
observed by Gardner (1945) with a tumour of similar origin which grew only in 
the presence of oestrogen. 

The latent period of 36 days which was observed in ovariectomised females 
(Experiment 4), where no oestrogen was present, was extended by 20 days when 
the observations were made in the presence of the ovarian secretion of normal 
females (Experiment 1). When, by injecting the hormone, the exposure to 
oestrogen was made continuous, the latent period (121 days) was 85 days longer. 
Thus an effective level of oestrogen could only have been present for a part of the 
time in the normal female. 

The latent period of the grafts in normal females was not altered by testos- 
terone injection (Experiment 5), although vaginal indications of oestrus were 
suppressed. This suggests that in the treated mice the level of oestrogen secretion 
was unaltered, and the castration effects of testosterone were not due to an 
inhibition of oestrogen secretion. 

Oestradiol dipropionate and stilboestrol were equally effective in prolonging 
the latent period, whereas tri-phenyl-ethylene and the related compounds tri- 
phenyl-chlor-ethylene and were inactive. 
As these five compounds all possess the usual properties associated with oestrogens, 
their capacity for tumour inhibition in these experiments must be a highly specific 
characteristic not implicit in oestrogenic activity. 
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It was found (Ellis, 1944) that some human mammary cancers, particularly 
among post-menopausal women, are inhibited or regress with oestrogen therapy. 
It may be, therefore, that some incipient malignant tumours of the breast are 
held in check by oestrogen during ovarian activity, but are able to grow without 
restraint when oestrogen secretion ceases at the menopause. 

The latent periods of the auto-transplants (Table IV) were not significantly 
different from those of the initial grafts and it is interesting to note that a recur- 
rence in the operation scar only arose after a similar lapse of time. Thus the con- 
siderable interval necessary before these grafts began to grow was consequent 
on the dislodging of the tumour cells from their established position and not to 
the strange environment of a new host. 

Transplantation of a tumour, especially autotransplantation, may be regarded 
as experimental metastasis and Gardner (1945) has indicated the possible importance 
of hormonal mechanisms in the long delayed recurrences of primary tumours and 
growth of metastases in human cancer. It is obvious that if the latent period of 
metastases could be extended therapeutically beyond the normal life-span a virtual 
cure would be effected in those cases where the primary growth is removed. 


SUMMARY. 


1, Eight to ten years after the first transplantation the latent period of a 
transplanted interstitial cell carcinoma of the testis, induced by triphenyl-ethy- 
lene in a Strong A mouse, was found to vary according to the hormonal environ- 
ment of the host. 

2. The latent period was similar in normal males or castrates of either sex, but 
was prolonged in normal females. 

3. Oestradiol dipropionate and stilboestrol treatment of castrates extended 
the latent period beyond that observed in normal females, but three other oestro- 
gens, tri-phenyl-ethylene, tri-phenyl-chlorethylene and aa-(p-hydroxypheny])-/- 
bromo-ethylene, had no effect. Testosterone treatment of normal females did not 
affect the latent period. 

4. The tumour transplants became less susceptible to hormonal conditions 
during the 2 years of observation. 


I am indebted to Dr. A. L. Walpole of the Imperial Chemical Industries Ltd., 
Manchester, who supplied the «a«-(p-hydroxy-pheny])-f-bromo-ethylene. 
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THE INTRACELLULAR METABOLISM OF 3:4 BENZPYRENE: 
BENZPYRENE METABOLITES FROM RATS AND THEIR SITES 
OF FORMATION IN RAT LIVER. 


G. CALCUTT 8S. PAYNE 


From the Department of Cancer Research, Mount Vernon Hospital 
and the Radium Institute, Northwood, Middlesex. 


In previous papers Calcutt and Payne (1954a, 1954b, 1954c) have given an 
account of the determination of the intracellular sites at which 3 : 4 benzpyrene 
is oxidised to its primary metabolites in mouse liver. To decide whether the 
course of events in the corresponding tissue from another animal species is similar 
we have now attempted to determine the sites at which benzpyrene is metabolised 
in rat liver. 

The problem is complicated by the fact that confusion exists in the literature 
as to the overall metabolism of benzpyrene in rats. Initially, Berenblum et al. 
(1943) identified the final excretion products of benzypyrene from rats as being 
8 hydroxy 3:4 benzpyrene and 3:4 benzpyrene 5:8 quinone. Then Weigert 
and Mottram (1946a, 1946b) in a detailed study found two primary products, 
which they labelled as BpX, and BpX,, as occurring in tissues where the hydro- 
carbon was metabolised. These two compounds were then shown to be converted 
to 8 hydroxy benzpyrene and then to the 5: 8 quinone during passage through 
the animal body. This work was essentially undertaken with mice, but compara- 
tive studies with rabbits and rats gave similar results. Berenblum and Schoental 
(1946) repeated their earlier work, using rabbits and rats. This time in addition 
to the previously determined excretion products they also identified 10 hydroxy 
3 : 4 benzpyrene and the 5 : 10 quinone, and at the same time described an uniden- 
tified benzpyrene derivative which they called ‘“‘ fraction V.’’ Considerably later 
Cook and Schoental (1951) ‘dentified ‘“‘ fraction V ” as being 1’ : 2’ : 3’ : 4’ tetra- 
hydrobenzpyrene present as a contaminant in the original sample of benzpyrene 
used by Berenblum and Schoental. 

Since the only recorded demonstration of benzpyrene metabolic products 
substituted in the 10-position is associated with the use of contaminated parent 
hydrocarbon the conclusions cannot be accepted as evidence for the metabolism 
of benzpyrene. So asa preliminary experiment we have re-examined the question 
of overall metabolism of 3 : 4 benzpyrene in rats. 


Metabolic products from 3 : 4 benzpyrene in rats. 

For these experiments we used a stock of benzpyrene which spectroscopically 
shows no signs of impurity and when metabolised by mice gives no indication 
of metabolites other than those described by Weigert and Mottram (1946a). 
Fifty adult rats of the Wistar strain each received an intraperitoneal injection 
of 2 c.c. of a colloidal suspension of the benzpyrene in distilled water. The dosage 
of hydrocarbon was approximately 2-0 mg. per animal. The faeces were collected 
daily over the ensuing three weeks. As collected the faeces were broken up 
mechanically and then thoroughly extracted with 70 per cent purified acetone 
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in distilled water. The acetone was distilled off from the extracts at reduced 
pressure, and the resulting suspension was saturated with ammonium sulphate 
and extracted with fluorescence-free xylene till no further fluorescent material 
was removed. The xylene solution was dried over anhydrous sodium sulphate 
and passed through a long column of silica placed over alumina. 

After repeated washing with pure xylene the column showed bands as des- 
cribed in Table I. Unchanged benzpyrene was washed completely through the 
column and appeared in the eluate, where it was confirmed spectroscopically. 
The most interesting part of the column was the narrow red zone (No. 8), which 
from previous experience of this type of chromatogram we anticipated as being 
benzpyrene 5:8 quinone. This zone had clear cut edges and no indications of 
oe at the leading edge, as Berenblum and Schoental (1946) found on their 
columns. 


TABLE I.—Appearance of Chromatogram from Crude Faeces Extract. 


Appearance in ~ Appearance in 
Separation of zones. daylight. U.V. light. 
1. Narrow zone . P . ‘ Brown ‘ Light blue. 
Silica, 2. Wide zone . Grey Dull grey /blue. 
4. Narrow zone. ‘ ‘ ‘ Green /brown ‘ Dull gree 
5. Wide zone. White Strong bluish white. 
6. Moderately wide zone. Brown Brown. 
7. Moderately wide zone. White Purplish. 
8. Narrow zone. Dull red ‘ Pink /red. 
9. Moderately wide zone. White Purplish. 
10. Moderately wide zone ‘ Brown ° Yellow. 
11. Wide zone to end of column - White ‘ Purplish. 


The various zones of the column were separated, the adsorbed material eluted, 
and then examined spectroscopically. Particular attention was paid to Zones 5, 
as likely to contain phenolic benzpyrene derivatives, and 8, as probably containing 
benzpyrene quinones. Despite repeated chromatographic fractionation of indivi- 
dual zones and examination of the methylated products from the various zones 
we have been unable to find any compound present corresponding to the 10- 
derivatives described by Berenblum and Schoental (1946). The benzpyrene 
derivatives found were small amounts of BpX, and BpX, on the wide zone (No. 2) 
from the silica, BpF, and BpF, on the wide zone (No. 5) near the surface of the 
alumina and benzpyrene 5: 8 quinone in the narrow red band (No. 8) from the 
alumina. The other bands found on this column were concluded to be normal 
faecal constituents. 

We conclude therefore that pure benzpyrene is metabolised by rats into the 
same derivatives as in mice: namely, 8- derivatives, and suggest that the 10- 
derivatives found by Berenblum and Schoental (1946) were derived from the 
1’: 2’: 3’: 4’- tetrahydro 3 : 4 benzpyrene with which their hydrocarbon is now 
known to have been contaminated. 


Intracellular sites of metabolism. 

Following up the studies described above we have determined the intracellular 
sites in liver tissue at which benzpyrene is metabolised. The rats were injected 
intraperitoneally with 2 c.c. of a colloidal suspension of benzpyrene in distilled 
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water, each animal receiving approximately 2 mg. of the hydrocarbon. At 
suitable intervals up to 24 hours after the injection the animals were killed, the 
livers freed of blood and then homogenised. The subsequent fractionation 
procedures and extraction of benzpyrene metabolites were by identical methods 
to those previously described—Calcutt and Payne (19546, 1954c). Final charac- 
terisation of the metabolites was done as previously, by a combination of chroma- 
tographic behaviour, fluorescence and absorption spectra. 

The distribution of metabolites between the various fractions over time intervals 
of up to 24 hours are given in Table II. 


TABLE II.—Benzpyrene and Derivatives in Rat Liver Fractions after Intra- 
peritoneal Injection of the Colloidal Hydrocarbon. 


Time in hours Particulate fractions. Supernatant fraction 
— A 


injection Mito- Micro- Top Middle Bottom 
and killing. Nuclei. chondria. somes layer. layer. layer. 
3 Bp Bp. BpX, Bp. BpX, . BpX, BpX, 
(trace) BpX, BpF, 


Bp. BpX, Bp. BpX, Bp. BpX, . BpX, BpX, 
BpX, 


Bp. BpX, Bp. BpX, Bp. BpX, Bp. BpX, 
BpX, BpX, 
BpX, 


Bp. BpX, Bp.BpX, Bp. BpX, BpxX, BpX, BpF, 
BpX, 


Bp. BpX, Bp. BpX, Bp. BpX, Bp. BpX, 
BpX, BpX, 


Bp. BpX, BpX, Bp. BpX, Bp. 


BpX, BpX, 
BpF, 


All fractions were extracted in tyrode solution (pH. 7-6). 


Abbreviations :— 
Bp. = 3:4 benzpyrene 
BpX, = 8 (OR,)-— 9 (OH) — 8, 9 dihydro 3 : 4 benzpyrene 
BpX, = 8 (OR,)-—9 (OR,) — 8, 9 dihydro 3 : 4 benzpyrene 
BpF, = 8 (OR,) 3: 4 benzpyrene 
BpF, = 8. OH 3: 4 benzpyrene 
(Terminology is that proposed by Weigert and Mottram (1946a)) 


As in our earlier experiments with mouse liver we have adopted the technique 
of incubation of fractions from untreated liver with benzpyrene colloid as a check 
that the activity determined is in fact a feature of the fraction under examination. 
These in vitro experiments have given findings which are completely in accord 
with those detailed for the in vivo experiments. 

The general findings are identical with those for mouse liver. Two points have, 
however, arisen during these experiments which are worthy of record. The 
yield of benzpyrene metabolites from rat liver was found to be appreciably 
lower than for an equivalent bulk of mouse liver, but this may not be significant 
since in the mouse experiments the carcinogen was given by intravenous injection, 
a proceeding which undoubtedly gives a higher concentration of the hydrocarbon 
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in the tissue. The second point is that the high speed centrifugation of mouse 
liver supernatant gave three fairly distinctly separable fractions (Calcutt and 
Payne, 1954c), but that the corresponding treatment of the rat liver only gave 
a steady gradation from top to bottom of the tube. This was apparent in both 
visual light and under the U.V. lamp, where the fluorescence was a brilliant green/ 
white increasing in intensity from the top to bottom of the tube. 


DISCUSSION. 


The experimental findings described above are completely compatible with 
those for corresponding work with mice. The conclusion that the final excretion 
products of benzpyrene in rats are solely 8- derivatives agrees with Weigert and 
Mottram’s (1946a,) finding. It appears then that the metabolism of benzpyrene 
is the same in different animal species, the present work with rats, Weigert and 
Mottram’s (1946a,) work with rats, rabbits and mice, and Iversen’s (1947) work 
with a human subject all agreeing that the final breakdown products of the hydro- 
carbon are 8- derivatives. The finding of 10- derivatives by Berenblum and 
Schoental (1946) from rabbits and rats must be considered open to doubt since 
contaminated benzpyrene was used. 

The distribution of metabolites amongst the rat liver fractions is qualitatively 
the same as in mice. The impression gained during the experimental work is 
that there may be some quantitative distinctions between rats and mice, but this 
point cannot be decided at the moment as present methods of separating the 
metabolites involve too much wastage to allow of reasonable quantitative studies. 

The differences in visual appearance and fluorescence behaviour between 
the supernatant fractions from mice and rats also suggest some distinction between 
these two fractions. This perhaps can be determined by electro-phoretic studies 
as used by Sorof, Golder and Ott (1954) in their original fractionation of the super- 
natant from rat liver. 


SUMMARY. 


1. A re-examination of the metabolism of 3 : 4 benzpyrene in rats has led to 
the conclusion that the final excretion products are 8- derivatives, and that there 
are no species differences in the metabolism of this hydrocarbon. 

2. Determination of the intracellular sites of formation of metabolites has 
shown that BpX, is derived from nuclei, mitochondria, microsomes and the top 
two layers obtained by further fractionation of the supernatant. BpX, is 
derived from the middle and bottom layers of the supernatant. 

3. These last findings are identical with those obtained previously with mouse 
liver. 
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INVESTIGATION of the infective agents of filterable avian tumours would be 
much facilitated if some chemical or physical property could be found which 
would differentiate the agents from similar-sized particles which may be isolated 
from non-filterable avian tumours (such as G.R.C.H.15) and from normal fowl 
tissues, such as chick embryo. The biological test, infectivity, even in conjunction 
with chemical analysis of the agent preparation for protein nitrogen, nucleic 
acid or lipid, will give no information about the heterogeneity of the preparation 
if the non-virus particles have almost the same chemical composition as the virus 
(Claude, 1938, 1940). 

In recent years extensive study has been made of the distribution of different 
enzymes between nuclear, particulate and supernatant fractions from tissue 
homogenates (reviewed by Schneider and Hogeboom, 1951; Hogeboom, Schneider 
and Striebich, 1953). The majority of the early workers in this field separated 
the cytoplasm into three fractions, large granules (mitochondria), small granules 
(microsomes) and supernatant, depending on size and density, but it soon became 
apparent (Chantrenne, 1947) that such divisions were arbitrary. Slautterback 
(1953) distinguished, for example, three morphologically-distinct elements in 
mouse liver microsome fractions and Laird, Nygaard, Ris and Barton (1953) 
showed that intermediate-size particles between mitochondria and microsomes 
have twice the alkaline glycerophosphatase activity of the larger mitochondria 
or of the smailer microsomes. Chemical, as distinct from enzymatic, hetero- 
geneity has also been demonstrated in the microsome fraction from rat liver 
(Novikoff, Podber, Ryan and Noe, 1953). 

It appeared, therefore, that if a suitable enzyme system could be found, a 
study of its distribution within homogenates of normal and malignant avian 
tissues, might throw light on the homogeneity of the filterable tumour agents 
which are in the microsome size range. 

Most enzyme distribution studies have been made on mouse or rat liver 
but Moog (1946) showed that water homogenates of 10- to 12-day-old chick 
embryos liberated phenol from disodium phenylphosphate and that the phospho- 
monoesterases concerned had pH optima at 5-4-6-0 (acid) and 9-2—10-2 (alkaline). 
Fractionation of the homogenates (Moog and Steinbach, 1946) revealed that the 
larger cytoplasmic particles carried most of the acid phosphatase. A similar 
concentration of this enzyme in the mitochondrial fraction of rat liver was found 
by Novikoff, Podber and Ryan (1950), and in the microsomal fraction of mouse 
liver by Tsuboi (1952). 

It was soon apparent that preparations of Rous sarcoma agent from fresh, 
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frozen or from frozen-dried tumour tissue had acid phosphomonoesterase activity 
of a high order, but before any conclusions could be drawn from investigations 
of these enzyme-bearing particles it was deemed advisable to study the quanti- 
tative distribution of both acid and alkaline phosphatase in fractions from chick 
embryo, the filterable fowl sarcomas Rous No. | and C.T.10, and the non-filterable 
sarcoma G.R.C.H.15. 


EXPERIMENTAL METHODS. 
Source of Tissues. 


Embryos were obtained from eggs laid by hens of the same Brown Leghorn 
strain as that in which the filterable tumours (Rous No. | and C.T.10 sarcomas) 
were propagated. After incubation at 100° F. for 9-10 days, the embryos were 
removed from the eggs, the eyes taken out and the residues pooled and used 
either fresh, or after freezing at — 25° C. and storage at that temperature. 

Rous No. 1 sarcoma was obtained from leg tumours of young birds following 
intramuscular virus inoculation into day-old chicks (Rous sarcoma, V) or from 
pectoral tumours following intramuscular inoculation of a tissue homogenate 
into older (6 week) birds (Rous sarcoma, G). 

Chicken tumour 10 was obtained from pectoral muscle implants of a tumour 
mince in 6-week-old birds. 

The tumour material was dissected free, so far as was possible, from necrotic 
and haemorrhagic material and used either fresh, or after freezing and storage 
at — 25°C. 

G.R.C.H. 15 sarcoma was obtained from two tumours (2117 and 2711) each 
30 days old and derived from pectoral muscle implants of tumour mince into 
6-week-old fowls of the Edinburgh “ N-S” strain. The material was treated 
in the same way as Chicken Tumour 10 and used after freezing and storage at 
— 25° C. 

Fractionation. 

Although the phosphomonoesterases of chick embryo are apparently stable 
for at least 24 hr. in tissue suspensions kept at 0° C. (Moog and Steinbach, 1946) 
and those of rat liver withstand freezing to much lower temperatures (Novikoff, 
Podber, Ryan and Noe, 1953) the infective agents of the filterable fowl tumours 
withstand deep-freezing in their tissues, but are unstable in homogenates. For 
this reason a simple, speedy and easily-reproducible fractionation procedure was 
substituted for a more complicated and longer, although theoretically more 
desirable, centrifugal fractionation. The tissues were disintegrated in 10 V/W 
isotonic sucrose (8-5 per cent) containing 0-01 m sodium bicarbonate by brief 
treatment (60 min.) in a cooled Waring blendor and cell destruction was completed 
by hand-grinding in a cooled all-glass homogeniser. 1 : 10,000 HCN and hyaluron- 
idase (1000 units Benger’s “‘ Hyalase ’’) were added to the medium. Differential 
centrifugation, in refrigerated centrifuges, separated four fractions from the 
homogenate (Table I). 

N.F. = Nuclear fraction containing nuclei, r.b.c.s., cell debris and 
unbroken cells. 
= Homogenate minus N.F. 


= Small granules separable from (S, minus L.g.). 
= Supernatant, equals S, minus (L.g. + §8.g.). 


L.g. = Large granules separable from §,. 
8; 
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Although it is possible to calculate the minimum size of particles in fractions 
L.g. and 8.g. from the formula given by Pickels (1943), so many assumptions 
are required that the figures are probably meaningless. 


TaBLE I.—Differential Centrifugation Procedure. 


Time 
R.C.F (x g.). (minutes). Washed. 
8.g. 60 


Microscopical examination showed that the L.g. fraction cuntained a few cells 

and cell fragments. The L.g. fraction of the Rous sarcoma probably also contained 
some small granules or aggregates since infectivity measurements showed that 
it had between 0-1 and 1-0 per cent of the virus content of the 8.g. (virus-contain- 
ing) fraction. Moreover the final supernatant (S,) of this tumour also retained 
a small proportion of the infectivity of S,—presumably carried by particulate 
agent. 
It is always difficult to ensure that homogenising procedures will work 
uniformly with different tissues. Table II shows the proportion of the total 
inorganic phosphate of the homogenate which is found in fraction 8,. Cell 
destruction is not complete, but the extent of the breakdown is very similar for 
each tissue. 


TaBLeE II.—Partition of Inorganic Phosphate. 


Average inorganic P 
Number of of 8S, (percentage 
Tissue. determinations. total 5S, + N.F.). 


Chick embryo ‘ 86 
Rous No. 1 sarcoma . a 88 
C.T.10 sarcoma 89 
G.R.C.H.15 sarcoma 98 


Enzyme Assay. 

In the acid range an 0-2 N sodium acetate: acetic acid buffer system was 
used, and in the alkaline, 0-1 M sodium veronal : hydrochloric acid. Substrates 
were usually disodium phenylphosphate (purified by the method of Tsuboi, 
1952) or sodium f-glycerophosphate, both at 250-500 ym final concentration. 
Where the effect of magnesium ions on the hydrolysis was being studied MgCl, 
solution to a final concentration of 10-? M was added. A typical system contained 
buffer (2-5 ml.) substrate (0-5 ml. in water) and enzyme solution (2 ml. in isotonic 
sucrose at pH 7-2). The mixtures were incubated for one hour at 37-5° C. and 
the hydrolysis then interrupted by the addition of 5 ml. of ice-cold 12 per cent 
trichloracetic acid. After removal of the precipitated protein the extent of 
hydrolysis was determined by estimation of the inorganic phosphate liberated 
from either substrate, or of the phenol liberated from the sodium phenylphosphate 
by micro-colorimetric methods. In every case the nitrogen content of the 
particular enzyme solution was measured and also, as a blank, the amount of 
phosphorus or phenol liberated under the same conditions in the absence of sub- 
strate. The results may be expressed in terms of the specific enzyme activity 
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(E) of the tissue homogenate or fraction (y inorganic P (or phenol) liberated /hr./ 
mg. N) or in terms of the total enzyme content of the homogenate or fraction 
(E x total nitrogen of fraction in mg.). 


1. Effect of pH on enzyme activity. 

Roche (1951) has described three types of phosphomonoesterase: Type I 
has an optimum pH of 8-6-9-4 and is activated by magnesium ions; Type II, 
optimum pH 5-0-5-5, is not activated by magnesium ions but is inhibited by 
fluoride, and Type III, optimum pH 5-0-6-0 is also activated by magnesium. 

The effect of pH on the activity of the enzymes in whole homogenates of 
8-day-old chick embryo was investigated by Moog and Steinbach (1946) who 
found maximum activity at pH 5-5 and 9-5 and a minimum activity at pH 7-0- 
7-5. Typical results obtained for Rous No. | and C.T.10 sarcomas are shown 
in Table ITI. 

The main differences between these results and those for chick embryo appear 
to be the small amounts of alkaline phenylphosphatase present in Rous No. 1. 
sarcoma, and the absence of a maximum at pH 9-0-9-7. 


TaBLeE III.—Effect of pH on Phosphatases of Rous No. | and C.T.10. 
Specific activity »P/mg. N/hr. 


AS 


8; 
360 
275 
170 
130 

75 

45 

20 
6 
10 
0 
0 


670 
475 
300 
195 
150 
110 
65 
40 
25 
0 

0 


2 Effect of added magnesium ions on enzyme activity. 

Magnesium ions (final concentration 10-? mM, added as MgCl,) had a variable 
effect on the activity of the acid phosphomonoesterase of Rous sarcoma fractions. 
The degree of activation (with sodium phenylphosphate as substrate) varied 
from 3-30 per cent for 8S, ; 3-25 per cent for L.g.’s ; 6-23 per cent for 8.g.’s and 
8-21 per cent for S,: with sodium f-glycerophosphate as substrate the activation 
of fraction S, and S, was increased to 20-46 per cent and 35-60 per cent 
respectively. 

The variations did not depend on the source (G or V) of the tumour, the age 
of tumour or host, or the length of time the tissue had been frozen. 

Activation of the alkaline phosphomonoesterase under similar conditions 
produced equally varied results. 

The extent of activation of both enzymes from G.R.C.H.15 sarcoma was (in 
a limited number of experiments) of the same order as. for Rous sarcoma for 
both substrates (Table IV). 
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The acid phosphatase of either tumour shows a similar degree of activation 
when §, is compared with S,, and L.g. with 8.g. 


TaBLE IV.—Effect of Mg++ on Acid Phosphatases of Rous and 
G.R.C.H.15 Sarcomas. 


Per cent activation. 


Tumour. Substrate. 8. 8,. L.g. S.g 
Rous Disodium phenyl phosphate . 12 ll 10 10 
Ditto . & ll 3 6 
ll 8 25 22 
- 2 21 8 9 
Sodium f-glycerophosphate . 43 59 19 36 
Ditto 2 35 4 2 
G.R.C.H.15 . Disodium phenyl phosphate . 30 32 7 8 
Ditto 2 3 20 10 
15 ll 23 


The interesting fact emerged that Rous G tumours (from cell grafts in 6-week- 
old birds) had little or no alkaline enzyme. 
The effect of magnesium ions on the enzyme from C.T.10 was not studied. 


3. Distribution of Nitrogen in Cytoplasmic Fractions of Avian Tumours and Tissues. 
The nitrogen distribution is tabulated in Table V. 


TABLE V.—WNitrogen Partition following Differential Centrifugation. 


Lg. S.g. 8, L.g. + 3.2. 

Mean N, per cent §,. N, per cent 8. N, per cent §,. per cent §,. 

Tissue. tion. age (days). Mean. Range. . Mean. Range. Mean. Range. Mean. Range. 

Chick embryo . 8 10 - 10-3 7°3-15°5 . 11-2 8-6-14-4 . 73-5 60°5-81-5 . 18-1-27-4 
G.R.C.H.15 10 35 7-9 6-5-10-0 10-5 9-911-8 81:0 72-0-85:0 . 18-4 16-4-21-0 
C.T.10 9 25 6-9 58 9-0 8°7 7-2-10-4 82:7 78°5-86-0 . 14-9-16:8 
Rous No. 1 (G) . 6 13 70 55 83 5-5 3-2- 7-4 82-1 79°5-84°5 . 9-1-15-6 
Rous No. 1 (V) . 9 23 5-8 5-4- 7-4 3-9 2-3- 5-0 88-2 85-0-92-5 9-7 6-3-12-2 


Although the range of values obtained for the large and small granules is 
considerable the nitrogen recovery (L.g. + S.g. + S, as a percentage of S,) was, 
in every case, greater than 95 per cent. It was not possible to correlate the 
differences with the age of the tissue or tumour, the age of the host or the length 
of time for which the tissue had been frozen. Differences in the ratio of L.g. 
+ 8.g. to S, may be largely a result of the differences in the cellularity of the 
tissues themselves, e.g. the virus-induced Rous No. 1 tumours are invariably very 
loose in structure with large quantities of mucinous extracellular fluid. G.R.C.H. 
15 and C.T.10 are more slowly-growing and compact with only small amounts 

of extracellular fluid. 


4. Distribution of Acid and Alkaline Phenylphosphatases between the Cytoplasmic 
Fractions of the Tissues. 

Table VI shows the specific enzyme activity of each fraction, the total enzyme 

content of each fraction per gm. of tissue and the percentage of the total enzyme 

content of 8, which each fraction contained. 
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TaBLE VI.—Acid and Alkaline Phosphomonoesterase Partition. 


Le. 8.g. 8s + 

Per Per Per Per 

cent cent cent cent 

ola Tissue. E. Total/g. E. Total/g. E. Total/g. E. Total/g. 8,. Ree. 
r G.R.C.H.2711, frozen 465(2)* 6200 . 530 650 10 . 870 1200 19 . 385 4175 67 . 2 96 
G.R.C.H.2117, frozen 417 (5) 4616 . 400 317 7 . 694(4) 813 18 . 350(4) 3180 68 . 25 93 
Rous V, fresh . - 198 (2) 923 . 570 154 17 . 608 98 11. 149 608 66 . 28 94 
Rous V, frozen - 171 (7) 953 . 271 87 9 . 422 92 10 . 115 555 58 . 19 77 
C.T.10, fresh . . 288 (2) 2435 . 336 179 . + = 600 25 . 215 1480 93 
C.T.10, frozen . - 293 (7) 2438 . 311 178 7 . 698 508 21 . 223 1660 68. 28 96 
C.E., fresh . - 220 (2) 1170 . 172 119 10 . 400 240 21 . 216 790 68 . 31 99 
C.E.,frozen . - 246 (6) 1245 . 211 96 8 . 425 232 19 . 213 773 62 27 89 
Alkaline. 

G.R.C.H.2711, frozen 31 (2) 410 . 57 70 18 . 100 135 34. «619 200 44. 52 96 
G.R.C.H.2117, frozen 30 (5) 343. 47(3) 39 12 . 91(4) 100 30. 100 33. 42 75 
Rous V, fresh . - 20. , 8 20 8 . 40 166 66. 15 81 
Rous V, frozen - 16 (6) 8 . 37 12 14. 50 12 « 8 43 50 . 2 78 
C.T.10, fresh . - 17@) 148. 65 34 3 . 69 1 3. 70 73 
C.T.10, frozen . - 81 (6) 225 . 42 24 ll. 81 65 ih 72 32. 40 72 
C.E., fresh - 85 (2) 446. 131 95 21 . 267 166 4 80 18 . 58 76 
C.E., frozen . - 340 119 53 16 . 223 122 36 91 79 


* The bracketed figure represents the number of samples eusmined. 


CONCLUSIONS. 


Cells of these three tumours, like those of chick embryo, contain at least two 
phosphomonoesterases which have maximum activity in the acid range between 
pH 5 and 6, and in the alkaline range between pH 9 and 10. In the case of the 
acid phosphatase of Rous No. 1 and G.R.C.H.15 sarcomas, magnesium ions have 
an activating action (Table IV). The degree of activation was very variable, 
however, and was greater for the acid f-glycerophosphatase of the Rous tumour 
than for the phenylphosphatase. 


Acid phenylphosphatase. 

In fraction 8S, for each tissue the amount of this enzyme per gm. seemed to be 
inversely proportional to the rate of growth of the tissue and directly proportional 
to the cellularity. There were, moreover, no significant differences between the 
results for fresh or frozen material. 

For each tissue, too, the percentage of the total enzyme content of 8, which 
was carried by the large granules was the same, but there was one interesting 
difference. It appears (though from a limited number of determinations) that 
fresh Rous sarcoma L.g.’s have twice as much acid phosphatase as those from the 
frozen tumour. This difference cannot be accounted for in terms of an increased 
nitrogen content in the fraction from fresh tumour. The explanation may lie in a 
change in the structure of the L.g.’s themselves on freezing. Thus Berthet and de 
Duve (1951) and Berthet, Berthet, Appelmans and de Duve (1951) have described 
freshly-prepared rat liver mitochondrial fractions which had a very low acid 
phosphatase content. After “ageing” for five days at + 2° C. the content had 
“increased ’’ sevenfold and, after 13 days at + 20° C. acid phosphatase was no longer 
associated with the particles. Six cycles of freezing-and-thawing also sufficed to 
liberate the enzyme. There is no evidence that freezing inactivates the enzyme 
itself for Davison (1953) showed that serum acid phosphatase completely with- 
stood storage for 128 days at —15° C., during which it was thawed and refrozen 
twice. It may be significant, too, that the Rous L.g.’s showed more alkaline 
phosphatase in frozen tumour than in fresh. 


49 


ge. 

274 

21-0 

16-8 

12-2 


720 R. J. C. HARRIS 


The proportion of the total acid phosphatase present in the small granule 
fraction was much lower for Rous tissue (about 10 per cent) than for the others 
(around 20 per cent), but this is partly a reflection of the proportionately lower 
nitrogen content of the S.g. fraction in the Rous tumour. 

Chick embryo particulate fractions showed a slight loss of enzyme after 
freezing but the'specific activities remained the same. The nitrogen content of the 
L.g. fraction dropped from 14 per cent to 9 + 1 per cent, suggesting that the 
liberated enzyme went into the supernatant and was not adsorbed by surviving 
particles. 

The recoveries of acid phosphatase were excellent in all the samples except 
frozen Rous tumour. 


Alkaline phenylphosphatase. 

It is at once apparent that the recoveries of this enzyme were much lower than 
for the acid enzyme. The other’ outstanding feature is the very low enzyme 
content of Rous sarcoma. As a group the three tumours also differ from the 
normal chick embryo, especially in the specificenzyme activity of the L.g. and 8.g. 
fraction. The combined L.g. + S.g. fractions carry an average 28 per cent of the — 
total enzyme for frozen Rous sarcoma, the comparable figures for G.R.C.H.15, 
C.T.10 and chick embryo are respectively 47,40 and 52 percent. These differences 
are made even more interesting by the fact that both fresh and frozen Rous 
tumours derived from cell grafts in older birds have very little or no alkaline 
phosphatase. This differentiates Rous from the other (C.T.10) virus tumour 
although freezing C.T.10 tumour causes a loss of the alkaline enzyme from the 
particulate fractions (which in the fresh tissue appear to contain some 70 per cent 
of the total enzyme). 


The evidence concerning the relationship between acid and alkaline phospha- 
tase and the microsomes, shows that 8.g.’s from the Rous tumour differ consider- 
ably from those from G.R.C.H.15, C.T.10 and chick embryo. 

It is probable that these differences are a result of the heterogeneity of the S.g. 
fractions. Where, for example, enzyme-carrying small granules are present 
together with enzyme-free virus particles, the effect will be a dilution of the 
specific activity of the enzyme. 

The nature of the association of phosphomonoesterase with preparations of 
Rous sarcoma agent is discussed in the following paper. 


SUMMARY. 


Homogenates of chick embryo tissue, the filterable Rous No. 1 and C.T.10 
sarcomas and the non-filterable G.R.C.H.15 sarcoma have been separated by 
differential centrifugation in isotonic sucrose—0-01 mM sodium bicarbonate into 
cytoplasmic fractions composed of large (mitochondrial) and small (microsomal) 
granules and a supernatant. The efficiency and reproducibility of the separations 
have been checked by estimation of the total nitrogen content of the fractions 
from each tissue. 

Each fraction of each tissue possesses both acid and alkaline phosphomono- 
esterase activity, and the distribution of the enzymes within the cytoplasmic 
fractions has been charted. 
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The final supernatant contains 60-70 per cent of the acid phosphatase activity 
of the cytoplasmic fractions for each tissue, but most of the alkaline phosphatase 
is carried by the particulate components L.g. and 8.g. 

The small granule (virus-containing) fraction from Rous sarcoma differs from 
the similar fraction from the other tissues in its content of both acid and alkaline 
phosphatase. 


I would like to thank Miss P.M. Chadwick and Mrs. 8. Bayly for their assist- 
ance in these investigations. The investigations have been supported by grants 
to the Royal Cancer Hospital and the Chester Beatty Research Institute from the 
British Empire Cancer Campaign, the Jane Coffin Childs Memorial Fund for Medical 
Research, the Anna Fuller Fund, and the National Cancer Institute of the National 
Institutes of Health, United States Public Health Service. 
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Ir has been shown (Harris, 1954) that the small granule (S.g.) fraction of 
the cytoplasm of Rous sarcoma No. 1 has phosphomonoesterase activity asso- 
ciated with it, together with virus activity. There are, at present, no reasons 
for supposing that the small granule fracton is homogeneous with respect either 
to virus activity (Harris, 1953) or to the distribution of any enzymes associated 
with the particles (Novikoff, Podber, Ryan and Noe, 1953). There have been a 
number of reports of changes in enzyme “balance” within cells after virus 
infection but only a few suggestions that viruses per se have enzymic activity. 
Macfarlane and Salaman stated in 1938 that phosphomonoesterase had been 
found in association with vaccinial elementary bodies. This was confirmed in 
1940 (Macfarlane and Dolby) with the further claim that two samples of bushy 
stunt and a single sample of tobacco mosaic virus also had very weak phosphatase 
activity between pH 5 and pH 7. However, Hoagland, Ward, Smadel and Rivers 
(1942) showed that alkaline phosphatase could be adsorbed from solution by puri- 
fied vaccinia elementary bodies and suggested that this enzyme (together with 

-the catalase and lipase which were also associated with the particles) were only 
adsorbed to the virus particle. They observed, though, that urease was not found 
in the purified bodies nor was it adsorbed to them from solution. Moreover, 
Stanley (1942) has shown that the phosphatase activity of tobacco mosaic and 
tomato bushy stunt virus preparations is derived from the juice of the host plant 
and that the properly purified viruses are phosphatase-free. 

The object of this investigation was to find whether the phosphomonoesterases 
associated with Rous sarcoma agent were (a) an integral part of the infective 
agent or (b) merely adsorbed to the virus particles ; (c) part of a non-virus 
particle of the same size and properties or (d) adsorbed to a non-virus particle. 


Five approaches were adopted. 

(1) An investigation of the constancy of the specific activity (E) of the acid 
and alkaline enzymes. Tumour virus yields are known to vary within wide 
limits with the age of the tumour and the age of the host, and it appeared possible 
that the specific enzyme activity might vary in a similar manner. 

(2) A study of the substrate specificity of the agent preparations and stabili- 
zation of the agent in the presence of a substrate. 

(3) Attempts to separate the enzyme from the small granules by physico- 
chemical methods such as washing, freezing-and-thawing, osmotic shock, and 
agent precipitation. 


* Research Fellow, British Empire Cancer Campaign. 
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(4) A study of possible inhibitors of the enzymes and their effect on the infec- 
tivity of the agent preparations. 
(5) The action of antisera on phosphatase distribution and virus infectivity. 


1. The specific acid and alkaline phosphomonoesterase activity of the small granule 
fraction (S.g.) from Rous sarcoma No 1. 

The results of 21 determinations are shown in Table I. There was no correla- 
tion between the specific activity for either enzyme and the age of the tumour, 
the age of the host or the duration of freezing. The most significant fact is that the 
activity of the alkaline phosphatase was not detectable in the small granules from 
some 7 of the tumours examined, of which 6 occurred in the group in which the small 
granule preparations had been washed by centrifugation following resuspension. 
This suggests either that the particles are heterogeneous so that larger, or more 
readily aggregated, particles within the preparation carry the alkaline phosphatase 
or, less likely, that the enzyme is so labile that it does not withstand the additional 


washing. 


TABLE I.—Specific Acid and Alkaline Phosphomonoesterase Activities of 


S.g. Fractions. 
Frozen Tumour age S.g. N 
Source. (days). (days). mg./g. tumour. LEacia.t Ealkaline.t 
Virus-induced tumour (unclari- 
fied particles) (8)|| %7-28 . 18-30 . 0-224+0-05 . 422436 . 50426* 
Virus-induced tumour (clari- 
fied particles) (13)|| 242 . 1635 . 0-2840-08 . 4424120. 54424f 


* 1 tumour gave 0. t 6 tumours gave 0. 
t E represents the specific activity of the enzyme (yP liberated at 37-5° C./hr./mg. N). 
|| The figure in brackets is the number of samples examined. 


2. Substrate specificity and stabilization. 

A variety of ester phosphates act as substrates for the phosphatases of the 
agent preparations. Phosphate is liberated from disodium phenylphosphate, 
sodium phenolphthaleinphosphate (a useful substrate for the determination of 
the presence of agent on chromatogram strips), sodium /-glycerophosphate, 
sodium guanylate and sodium uridylate. These substrates vary in their affinity 
for the enzymes, e.g. at pH 6 guanylic acid and sodium /-glycerophosphate are 
relatively poorly hydrolysed, but at pH 9-7 these substrates are better than sodium 
phenylphosphate and sodium uridylate. 

A relationship between enzyme(s) and virus is suggested by the fact that the 
agent is stabilized in suspension to a considerable extent in the presence of a suitable 
substrate (Table IT). 

The titre of the virus was obtained by injecting decimal dilutions of the agent 
into the legs of day-old chicks (Carr and Harris, 1951). The results are given in 
terms of a fraction, the numerator of which represents the number of tumour- 
bearing chicks and the denominator the number of chicks inoculated, and a figure 
where 10° represents the virus content of 1 g. of the tumour suspended in 1 ml., 
and correspondingly 10-1, the virus content of 100 mg. of tumour suspended in 
1 ml. 
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TaBLE II.—Substrate Stabilization of the Agent. 


Substrate pH. Titre of control. Titre of test. 

Sodium -glycerophosphate . 5-5 4/6, 2x10-5 ‘ 1/6, 2x10-* 
5-5 1/5, 2x 10-5 ‘ 1/7, 2x10-* 

Sodium phenylphosphate 5-5 1/5, 2x 10-5 2/6, 2x10-* 
6-0 1/5, 2x 10-* 3/5, 2x10-* 

Sodium guanylate 5-5 1/5, 2x 10-5 5/7, 2x 10-5 
Sodium uridylate . 5-5 1/5, 2x10-5 2/7, 2x10-* 
Sodium £-glycerophosphate . 9-7 1/4, 2x10-* ‘ 1/4, 2x10-* 
9-7 2/6, 2x10-* 5/6, 2x 10-* 

Sodium phenylphosphate 9-7 1/4, 2x10-* 1/4, 2x10-* 
Sodium guanylate 9-7 1/4, 2x 10-* 3/4, 2x10-* 
Sodium uridylate . 9-7 1/4, 2x 10-* ‘ 4/5, 2x10-5 


This stabilization is far more pronounced in the acid range in which agent 
particles tend to aggregate, and the action may be merely the prevention of 
aggregation. 

It has also been found that adenosine triphosphate is hydrolysed with the 
liberation of orthophosphate by agent preparations at pH 7-4 in the presence of 
magnesium and calcium ions. This activity is not specific for the agent for it is 
shared by large granules from Rous sarcoma and by both large (L.g.) and small 
granules from G.R.C.H.15 sarcoma (Table ITI). 


TaBLE III.—Adenosine triphosphatase Activity of Small Granules from Rous 
and G.R.C.H. 15 Sarcomas. 


N, A.T.P.-ase, 
Tumour. Fraction. per cent S,.* per cent S,.* 
Rous sarcoma (2) ‘ L.g. ‘ 5-7 : 17 
8.g. 4-6 ‘ 22 
G.R.C.H. sarcoma (2). L.g. 8-5 12 
S.g. 9-8 24 


* S, is the tumour homogenate freed from nuclei, etc. 


3. Treatment of agent suspensions in attempts to remove the associated enzymes. 

The two major possibilities with regard to the phosphatase associated with the 
8.g. (virus-containing) fraction are firstly, that the enzyme-bearing particles are 
distinct from the virus particles and secondly, that, whatever may be the hetero- 
geneity of the agent fraction, phosphatase is actually associated with particles 
of virus. In the latter cvent it might be possible to separate the enzyme from 
the virus by physical and chemical procedures which will not destroy tumour- 
producing activity. Four such procedures were investigated ; (a) washing ; 
(6) freezing-and-thawing ; (c) osmotic shock and (d) acid precipitation. 


(a) Washing.—The small granules were washed by suspension in isotonic 
sucrose : 0-01 m NaHCO, deposition (Servall SS1 centrifuge, 11,500 r.p.m. at 0° C. 
for 55 min.) and resuspension in fresh medium. The results of two experiments 
are given in Table IV. The chief effect of washing was to increase the specific 
activity of the alkaline enzyme but not of the acid. Resuspension of washed 
particles in a phosphatase rich medium (the original supernate S,) diluted both 
enzymes. 
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TaBLE IV.—Effect of Washing the Agent. 


Enzyme recovered 
(per cent). Nitrogen. 
recovered 
Eacid. Ealkaline. Acid. Alkaline. (per cent). 
406 ‘ 79 ‘ 


371 
Resuspended in original supernate, S, 239 . ° , — 


(b) Freezing-and-thawing.—Preparations of both L.g. and 8.g. were frozen in a 
bath of solid carbon dioxide-alcohol and rapidly thawed in running hot water. 
The procedure was repeated four times and the particulate material was then 
centrifuged away from soluble debris. 

Large granules, in three experiments, liberated 26, 28 and 33 per cent of the 
total nitrogen to the supernatant which also contained 46, —, and 36 per cent 
of the total acid phosphatase. In one experiment freezing and thawing of the 
large granules released 54 per cent more acid phosphatase and 61 per cent more 
alkaline phosphatase than was found originally (cf. Berthet, Berthet, Appelmans 
and de Duve, 1951). Infectivity measurements showed that the soluble fraction 
from L.g. destruction had very little virus activity. 

The virus-containing 8.g. fraction broke down on freezing-and-thawing (two 
experiments) to give 39 per cent debris (sedimented under the conditions for large 
granules) and a virus containing supernatant with the same infectivity as the control 
suspension. This supernatant retained some 70 per cent of the acid phosphatase 
(with the same specific activity as the starting material). Alkaline phosphatase 
was almost completely inactivated. 

It may be concluded that : 

(a) Large granules tend to break up on freezing-and-thawing with the release of 
smaller materials and with an increase in the apparent amounts of acid and alkaline 
phosphatase. There is no evidence that the smaller particles which result from the 
disruption (cf. Claude, 1954) have virus activity. 

(6) Small granules are also broken down by freezing-and-thawing with no 
change in the infectivity of the surviving particles or in their specific acid phospha- 
tase. It would appear at present (within the limits of accuracy of enzyme 
estimation and virus titration) that alkaline phosphatase is not necessary for 
infectivity. 

(c) Osmotic shock.—Mitochondria have been shown to possess a limiting 
membrane (Palade, 1953) and, after damage, soluble proteins (such as acid phos- 
phatase) are lost to the suspending medium (Palade, 1951 ; de Duve ef al., 1951). 
After dispersion in distilled water, rat liver mitochondria break down to produce a 
22 per cent yield of small granules (Claude, 1954) together with a soluble protein 
and a dialysable ribonucleotide fraction 

Attempts to disrupt L.g.’s and 8.g.’s from Rous sarcoma were made by sus- 
pending the particles in 0-88 m sucrose, allowing them time to equilibrate at 0° C. 
and then diluting rapidly to a final sucrose concentration of 1-5 per cent. Insoluble 
debris was removed by centrifugation (SS1, 6500 r.p.m., 11 min.). The results are 
shown in Table V. 
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TaBLE V.—Effect of Osmotic Shock on Large and Small Granules. 


Specific Phosphatase 
activity. 


Fraction. 


L.g. 
L.g. 
8.g. 
8.g. 
S.g. 


(soluble) 
(deposited) 


(soluble) 
(deposited) 


Again, there was little difference in infectivity between S.g. and S8.g. (sol.) 
and whereas acid phosphatase remains in almost unimpaired association with the 
surviving virus, alkaline phosphatase is destroyed in this fraction. For the L.g. 
fraction similarly there was no significant change in the specific acid phosphatase 
but alkaline phosphatase was destroyed. 

(d) Acid precipitation.—In their studies of purification, preservation and assay 
methods for Rous sarcoma agent Carr and Harris (1951) employed a procedure 
involving precipitation of virus-containing tumour extracts at pH5, followed by 
resuspension of the precipitate and digestion of contaminating proteins with 
crystalline trypsin at pH 8. Crystalline trypsin had been shown to have no 
effect, under these conditions, on the infectivity of the agent. 

Incubation with trypsin at pH7-2 removed respectively 38 and 36 per cent of 
the nitrogen of L.g. and S.g. fractions, while at pH 9-7, 73 per cent of the nitrogen 
of the S.g. fraction was hydrolysed (Table VI). Preparation of the agent with 
acid alone gave 8.g.’s with a lower acid phosphatase content whereas acid precipi- 
tation, followed by hydrolysis with trypsin at pH 9 -7, gave agent with properties 
(yield, and E acid) identical with those of centrifugally-prepared material. 


TaBLE VI.—Acid Precipitation and Enzymic Digestion of Large 
and Small Granules. 
N, recovery 


Fraction. Treatment. E acid. Ealkaline. per cent. 
Trypsin, pH 7-2 62 
Centrifugal separation 
Trypsin, pH 7-2 
Centrifugal separation 
Acid precipitation and 

Trypsin, pH 9-7 
Centrifugal separation 
Acid ppt., followed by 

trypsin, pH 9-7 


4, Chemical inhibition of the phosphatases, and its effect on the infectivity of the 
virus. 
If these phosphomonoesterases are integral parts of the virus and have an 
essential function in, for example, the infection process, then their irreversible 
inhibition might be expected to alter the infectivity of the virus. 
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Male genital acid phosphatases, with either sodium phenolphthaleinphosphate 
or f-glycerophosphate as substrates are strongly inhibited by fluoride and by 
L-tartaric acid (Novales and Bern, 1953; Anagnostopoulos, 1953). At a concen- 
tration of 2 x 10-® M, beryllium chloride gives 50 per cent inhibition of the 
alkaline £-glycerophosphatase activity of rat serum (du Bois, Cochran and Mazur, 
1949) and arsenate strongly inhibits both acid and alkaline enzymes (Zittle, Wells 
and Batt, 1947). 

Arsenate interferes with the measurement of inorganic phosphate so for the 
investigation of this inhibitor and also for fluoride and azide, the phenol liberated 
from the disodium phenylphosphate was measured instead of the phosphate. 

At pH 5-5 sodium arsenate at 1 x 10-* m gave 66 per cent inhibition of the 
acid phosphatase of the S.g. fraction and at 1 x 10-* M, 37 per cent. Sodium 
fluoride (6-5 per cent, 1 x 10-* mM, pH 7-0), sodium azide (33 per cent, 1 x 10-* M, 
pH 5-5) and beryllium sulphate (32 per cent 1 x 10-* mM, pH 5-5; 9 per cent, 
1 x 10-*M, pH 5-5) were also inhibitory. At pH 7-4and 1x 10-*m dinitrophenol 
had no action. 

None of these inhibitors exerted any significant action on the infectivity of 
the agent under conditions in which agent and inhibitor were incubated together 
at the required concentration and pH, and the virus subsequently separated from 
the system by centrifugation prior to assay in day-old chicks in the usual way. 

At concentrations of 1 x 10-* m and greater beryllium sulphate precipitates 
the small granules quantitatively both from purified suspensions and also from 
cell-free Rous sarcoma extracts. Unlike the action of most other precipitants, how- 
ever, the infective agent may invariably be recovered from the precipitate. At 
beryllium concentrations between 1 x 10-*-5 Mm and 1 x 10-° m the agent was 
distributed between the precipitate and the supernatant fluid. 


5. The action of antisera upon the small granule fraction. 

Sera from young fowls bearing slow-growing Rous sarcomas precipitate 
purified Rous agent from suspension, and infective agent may be recovered after 
tryptic digestion of the precipitates. Sera obtained from normal fowls of the 
same age have no such action and fully active virus is left in suspension. Never- 
theless, some of the particulate material is precipitated and may be recovered 
after tryptic digestion of the precipitate. Small granules recovered in this way, 
however, carry no infectivity. 

There is here an immediate separation of the small granules into two fractions, 
those precipitated by normal fowl serum and non-infective and those not so preci- 
pitated (and infective). It was of interest to study the segregation of acid and 
alkaline phenylphosphatase under these conditions. Blood was obtained from 
starved fowls by heart puncture. Serum was collected in the usual way and stored 
in the frozen state at —25° C. After thawing each batch was centrifuged at high 
speed to eliminate any small granules which might be present. The results are 
given in Table VII. 

These results show that the alkaline phosphatase associated with the agent 
may be reduced to 0 without complete virus inactivation. In every case mixture 
of agent at a concentration of 10-1 (agent from 100 mg. tumour suspended in 
1 ml.) with 1 : 1 anti-Rous serum : isotonic sucrose resulted in complete precipi- 
tation of the virus. With normal fowl serum on the other hand the virus in the 
supernatant remained fully infective. 
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TaBLE VII.—Action of Normal and Anti-Rous Sera upon Small Granules. 


Total Total 
phosphatase units phosphatase : 
) units i Infectivi: 
ratio 
(m.i.d.s,) 
830 ‘ 0/106 
1220 - 108/10? 
0 . 670 - 108/107 


* S.g. = Small granules from Rous sarcoma. 
+ R.g. = Recovered granules after tryptic digestion of serum-virus precipitate. 


However, Table VII shows that the agent which may be recovered from 
the antibody complex after trypsin digestion carries between 7 and 25 per cent 
of the original acid phosphatase, 19-44 per cent of the nitrogen and not less than 
10 per cent of the virus activity. The particles which aggregate in the presence of 
normal serum gave, under the same conditions, significantly the same recoveries 
of acid phosphatase and nitrogen, but no virus activity. A separate experiment 
has, in fact, shown that when 1 : 1 normal serum : isotonic sucrose is mixed with 
descending decimal dilutions of virus, 1 ml. will remove only 10 m.i.d. of agent. 

It may be concluded, therefore, that the small granule preparations are hetero- 


geneous, containing particles which are precipitated both by normal and by anti- 
Rous sera and agent which is precipitated by anti-Rous sera only. The agent thus 
precipitated carries some acid (but no alkaline) phosphatase along with it but the 
specific activity is lowered and the trend of these results would seem to indicate 
that it might be possible to prepare an infective, phosphatase-free, virus. 


RESULTS. 


The object of this investigation was to find whether the acid and alkaline 
phosphomonoesterases associated with the infective small granules of the cyto- 
plasm of Rous sarcoma were: 

(a) integral parts of the infective agent or (b) merely adsorbed to that agent or 
(c) parts of a non-virus particle of the same size and properties or (d) adsorbed to 
such a non-virus particle. 

The five different procedures used to elucidate the problem gave results which 
may be simply summarized. 


(1) Constancy of enzyme specific activity—Virus-induced tumours from young 
fowls gave small granule preparations with very similar acid phosphatase contents. 
In 7 out of 21 preparations, however, all of which were fully infective, alkaline 
phosphatase was not detected. 

This evidence suggests therefore, that where alkaline phosphatase is present in 
the preparation it is adsorbed to, or part of, a non-infective particle. 
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(2) Substrate specificity and stabilization—A number of different substrates 
vary in their affinity for the phosphatase of the small granules but it was interesting 
to discover that at pH 5-5 in the presence of a suitable substrate, the agent 
appeared to be more stable in suspension than at the same pH in the absence of 
substrate. This may be held to be in favour of hypothesis (a) or (b), but if the 
explanation is simply physicochemical, e.g. prevention of aggregation, then (c) 
and (d) are not excluded, for aggregation could equally well take place between 
agent and non-agent particles and a change in the stability of-either might thus 
act upon both. 

Adenosine triphosphate is also a substrate for both large and small granules 
of both Rous and G.R.C.H.15 (non-filterable) sarcomas, but the liberation of 
orthophosphate from this is not specific for the infective agent alone. 


(3) Attempted removal of enzymes from the agent.—These procedures, washing, 
freezing-and-thawing, osmotic shock and acid precipitation were designed to test 
hypothesis (6). 

Washing tended to remove acid-phosphatase-bearing material, and in both 
experiments the specific alkaline phosphatase increased. Freezing-and-thawing 
cycles broke down the small granule preparations leading to the inactivation of 
the alkaline phosphatase but the surviving small particles had the same specific 
acid phosphatase and the same infectivity. 

Freezing-and-thawing of the large granules from Rous sarcoma produced the 
“ release ’’ of both enzymes and of small granules but the latter had no infectivity. 


Osmotic shock.—Acid phosphatase remained in almost unimpaired association 
with the infective agent which survived this treatment. Alkaline phosphatase 
was destroyed. 

Acid, to pH 5 precipitated small granules from suspension. They had a low 
acid phosphatase content which was raised to the normal level by tryptic digestion 
of contaminating proteins. Again, alkaline phosphatase was lost. 

Insofar as none of these procedures removed acid phosphatase from the 
infective agent this evidence may be held to support hypotheses (a) [or (6) if the 
extent of adsorption is greater than the forces brought to bear upon it). 


(4) Chemical inhibition of the phosphatase.—None of the inhibitors used (arsenate, 
fluoride, azide, beryllium and dinitrophenol) had any significant action on the 
infectivity of the agent under the conditions in which they were employed although 
arsenate, azide and beryllium significantly inhibited the acid phosphatase in 
vitro. 

If such inhibition should be readily reversible in vivo then no evidence is 
provided for or against the connection between acid phosphatase and infectivity. 
On the other hand, however, it would appear that acid phosphatase, whether 
part of, or merely adsorbed to, infective agent, probably has no réle in the infective 
process. In view of the limitations of the virus assay method, however, these 
conclusions are not regarded as final. 


(5) The action of antisera.—Both normal and anti-Rous fowl sera precipitate 
most of the acid phosphatase-bearing small granules from suspension. With 
normal sera, however, the infective agent remains in suspension whereas with 
anti-Rous sera it is deposited, and 10 per cent may be recovered from the deposit 
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after tryptic digestion. The agent recovered in this way still contains acid 
phosphatase but not alkaline phosphatase. 


SUMMARY. 


Small granule (Rous agent-containing) preparations from Rous sarcoma have 
acid (and sometimes alkaline) phosphomonoesterase associated with them. At- 
tempts to divest the infective agent of these enzymes have shown that— 


(a) fully infective agent can be prepared without demonstrable associated 
alkaline phosphatase. 

(b) all preparations of infective agent have associated acid phosphatase. 

(c) these small granules are heterogeneous with respect to their behaviour 
with normal and anti-Rous fowl sera. 


I would like to thank Miss P. K. Bailey, Miss P. M. Chadwick and Mr. R. O. 
Rees for their assistance in these investigations. The investigations have been 
supported by grants to the Royal Cancer Hospital and the Chester Beatty Research 
Institute from the British Empire Cancer Campaign, the Jane Coffin Childs 
Memorial Fund for Medical Research, the Anna Fuller Fund, and the National 
Cancer Institute of the National Institutes of Health, United States Public Health 
Service. 
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Ir has been suggested that the fowl sarcoma agents multiply in the infected 
cell in a non-infective and probably disaggregated form (Carr, 1953). The evi- 
dence for this was derived from experiments in which known amounts of the agent 
were injected into the legs of very young chicks, the chicks being sacrificed at 
intervals and the quantity of virus which could be recovered ,from the leg 
tissues measured in the usual way. Sixteen hours after injection 1 per cent or 
less of the inoculum could be recovered and this low level remained until about 
70 hr., when an increased amount of virus suddenly appeared. 

This “eclipse” or “ silent’ phase in the reproduction of viruses has been 
studied in detail for bacteriophage (Delbruck, 1945 ; Luria, 1947) and for influenza 
virus (Hoyle, 1948; Henle and Henle, 1949) and Briody and Stannard (1951) 
have shown, in a study of the action of vaccinia on the chorioallantois, that 
immediately following infection there was a sharp reduction in the amount of 
infective virus in the membrane and no increase was detectable for about 8 hr. 
Virus was then released from the infected cells and there was no further increase in 
concentration for a further 8 hr. Bedson and Gostling (1954) have suggested that 
interpretation of the work with animal viruses in terms of an hypothesis produced 
in the first instance for bacterial viruses cannot always be justified and have 
rightly pointed out that, even for influenza virus, few of the facts upon which the 
hypothesis is based have been established unequivocally. 

The investigation to be described had the objective of determining, for the 
chorioallantoic membrane-sarcoma agent system, the rate at which agent was 
adsorbed by the cells and the rate at which new infective agent was produced in the 
infected membrane. 

Keogh (1938) first described the lesions produced by infection of the chorio- 
allantoic membrane with Rous agent suspensions. By counting the number of 
epithelial lesions in relation to the dose given Keogh was able to get some approxi- 
mation to quantitative results but he found that control membranes did not 
always respond uniformly, and Dickinson and Thompson (1952) found a similar 
variation. The latter substituted weighing of the dried membranes for counting 
of the lesions, but this is open to the same objection that one cannot assess whether 
a membrane with one or two large tumours is ‘“‘ equivalent ” to a membrane of the 
same dry weight but showing a larger number of smaller lesions. In the light of 
these facts the procedure adopted here has been that of extracting the agent from 
excised chorioallantoic membranes (using as many eggs as possible) and assaying 
it in day-old chicks by the method described by Carr and Harris (1951). 
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EXPERIMENTAL METHODS. 


Eggs.—Fertile eggs were obtained from our own Brown Leghorn flock from hens 
supplied by the Poultry Research Centre, Edinburgh, 9. 

The eggs were incubated for 9-10 days and then prepared for virus inocula- 
tion into the chorioallantoic membrane by the artificial air-space method. The 
hole in the shell was closed with ‘‘cellotape ” and paraffin wax. Where further 
inoculations of drug or antiserum were required these were made through the 
transparent window and the needle-hole resealed with wax. 


Rous No. 1 sarcoma agent.—Agent was obtained by differential centrifugation 
of homogenates of frozen (— 25° C.) Rous sarcoma in sterile isotonic sucrose con- 
taining 0-01 mM sodium bicarbonate. In each case the final virus concentration 
was adjusted to 10-! (i.e. agent from 1 g. tumour was suspended in 10 ml.). 

The final virus suspending medium contained 1 mg./ml. crystalline penicillin, 
which has no antiviral action in vitro (Chinn, 1952). Each egg was inoculated 
with a known volume of virus suspension (“ Agla” microsyringe) containing 
between 100 and 1000 m.i.d. and incubated under normal conditions—but without 
turning—for the required time interval. 


Normal fowl serum and anti-Rous antiserum.—Normal fowl serum was obtained 
by heart puncture from fasted fowls less than three months in age. 

Anti-Rous antiserum was obtained in the same way from fowls bearing slow- 
growing Rous sarcomas resulting from grafts into the pectoral muscle of young 
fowls. 

The sera were centrifuged at a speed sufficient to deposit particles of virus-size 
and larger, and treated with crystallin penicillin at 1 mg./ml. before use. 

Both types of sera were tested for their ability to neutralize the agent. The 
normal sera used had no action on the agent and the undiluted antisera were 
fully active, i.e. they neutralized agent of 10° m.i.d. per ml. 


Extraction of agent from the membranes.—Eggs, which had living embryos, were 
opened along the boundaries of the artificial air-space with a dental drill and the 
exposed chorioallantoic membrane removed intact. Pooled membranes were 
ground by hand in an all-glass homogenizer with Lemco broth asthe diluent. The 
suspension was cleared of debris, etc. by centrifugation and then assayed for agent 
content in the usual way. 


RESULTS 


Multiplication of the agent. 

In 17 experiments conducted over a period of nine months with a total of 
359 fertile eggs, 131 (36 per cent) were found, upon opening, to contain dead 
embryos. Deaths occurred at all stages in the experiment and no attempt was 
made to differentiate between the embryos which succumbed as a result of clumsi- 
ness in the experimental procedures themselves, of bacterial infection or of the 
direct action of the agent. 

Table I shows the extent of multiplication of the agent between 5 hr. and 168 
hr. (7 days). The numerator gives the number of m.i.d.’s of agent which could be 
isolated from the membrane and the denominator the number in the original 
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TaBLeE I.—Relative Virus Titre following Inoculation. 


Experiment Number. 


. 2 3 6 7 8 9 10 ll 12 13 

— <10*/10* <10*/10* <10*/10° —  10*/10° 

- 10°/10* 10°/10* 10°/10° 10*/10" 10*/10* 10°/10* 10*/10* 10°/10* 10*/10* 107/10* 


10°/10° 


168 . 10°/10* 10°/10° _ one 


suspension (both referred to 1 g. of the same tumour). The ratio indicates, 
therefore, the extent of multiplication. 


Rate of take-up of agent from the inoculum. 

Dickinson and Thompson (1952) found that antiserum to Rous sarcoma 
virus suppressed the development of lesions on the chorioallantoic membrane 
when given one hour before or immediately after the virus. It had no effect 
when given by way of the yolk or allantoic sac or when given (on the membrane) 
1 hour after the virus. In a study of the rate of absorption of herpes simplex on the 
chorioallantoic membrane McNair Scott, Coriell, Blank and Gray (1953) found 
that 99 per cent of the inoculum was adsorbed in 1 hour and most within 10 to 15 
minutes. 

Knowledge of the rate of take-up of the agent is an obvious prerequisite for 
studies of possible inhibitors of virus synthesis in order to separate in vitro anti- 
viral activity from inhibition of intracellular synthesis of new virus. 


In these experiments 1000-1250 m.i.d.’s of agent were inoculated into each 
egg in a volume of 0-02—0-025 ml. The same volume of undiluted serum was either 
added at the same time or at intervals up to 3 hours. The eggs were opened after 7 
days’ further incubation and the results scored in terms of the lesions then revealed. 
It was convenient to divide these into three categories ; lesions (isolated white 
plaques in the ectoderm up to 1 mm. in diameter), confluent lesions and tumours 
(these were invariably found depending from the endoderm, having penetrated 
the mesoderm, and were usually between 5 and 10 mm. in diameter). 

Table II gives the results of five experiments. 

In the two cases (*) in which tumours were produced in membranes treated 
with antiserum at time 0 there was evidence (haemorrhage) of injury to the 
membrane during the preparation of the artificial air space. In the cases marked (tf) 
the lesions were found at the edges of the air space and there were not more than 
five of them visible in any one membrane. 

These results show that agent is being taken up rapidly by the cells of the 
membrane during 90 minutes following inoculation. After 2 hours most of the 
virus has been absorbed and after 3 hours the virus was almost wholly inacces- 
sible to the antibody, and thus, presumably, already either within or closely 
associated with the cells which were to be infected. 


Inhibition of viral synthesis in the membrane. 
With the knowledge that, after 3 hours, the major proportion of the virus was 
closely associated with cells it became possible to consider the possibility of 
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TaBLE IIl.—Action of Normal Serum and of Antiserum following Virus Inoculation. 


Membrane reaction. 


Experiment 
No. 

5 


inhibiting synthesis by addition of a drug to the egg which might act upon the 
synthesizing mechanism within the cell and not directly upon the virus. In 
preliminary experiments two drugs have been used, each at two concentrations. 


Addition 


of serum 


BS. Shoo 


ty 


330 


The results are shown in Table III : 


Confluent 
Membranes Ectodermal ectodermal 
examined. lesions. lesions. Tumours. 
5 5 5 5 
3 0 0 1* 
5 5 0 0 
6 6 1 1* 
4 4 4 4 
5 5t 0 1* 
5 5 1 0 
7 7 7 2 
6 0 0 0 
6 6 0 0 
5 5 4 1 
4 0 0 0 
5 5 5 4 
6 6 6 6 
6 6 6 6 
7 4t 0 0 
5 4 0 0 
4 4 2 0 
6 6 5 1 
7 7 7 3 


TaBLeE III.—Action of Nucleic Acid Antimetabolites on Virus Synthesis. 


Drug. 
8-Azaguanine . 
Control ”. 


2: 6-diaminopurine . 


Control 


2 : 6-diaminopurine 


In the concentrations used, and under the conditions adopted, 2 : 


Dose per egg. 
(y) 
30 in 0-1 ml. Lemco 
60 in 0-2 ml. Lemco 
30 in 0-1 ml. Lemco 
60 in 0-2 ml. Lemco 
30 in 0-1 ml. Lemco 
60 in 0-2 ml. Lemco 


inoculated. 


Soo 


Embryos 


surviving. Inoculated. Surviving. 


ors 


Eggs given 
drug alone. 


6 1 
5 5 
6 4 


6-diamino- 


purine has no significant action upon virus synthesis. 8-Azaguanine, on the other 
hand, appears to be worth further investigation although at the inhibitory 
concentration (60y/egg) embryo mortality was high. These studies are being 
extended to other compounds which have been shown to behave as antimetabo- 
lites, such as benzimidazole, neotetrazolium chloride, 3-acetylpyridine, «-picolinic 
acid, malonic acid and ethionine. 
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DISCUSSION. 


Quantities of Rous agent of the order of 1000 m.i.d. are adsorbed rapidly on 
the chorioallantoic membrane of the 10-day incubated hen egg. After 3 hours the 
addition of antiserum no longer has any effect on the eventual outcome for the 
membrane in terms of the types of lesions produced, isolated ectodermal plaques, 
confluent plaques or gross tumours invading the mesoderm and depending from 
the endoderm. 

After 24 hours | per cent or less of the infective virus of the inoculum may 
be extracted from the membranes and after 48 hours the situation is : 

3 experiments/10 show > 100 per cent recovery of agent, i.e. definite 


synthesis. 
4/10 100 per cent 
2/10 x 10 per cent = 
After 72 hours. , 


1 experiment /4 shows no additional virus. 
3 experiment /4 show 100-fold increases. 


Epithelial lesions are detectable microscopically 48 hours after inoculation and 
there would appear to be no doubt that the increase in detectable virus is linked 
in some way with the multiplication of these epithelial cells, for between 48 and 72 
hours the rate of virus synthesis seems to be at a maximum, the titre increasing 
some 100-fold in this period. Thereafter, despite the rapid growth of the lesions, 
which become confluent, and the appearance of gross tumours, virus seems to be 
synthesized or liberated more slowly. 

In general these results confirm those of Carr (1953) but it is still not clear what 
is happening in the critical period between 3 and 48 hours. There can be no doubt 
that some infective virus is recoverable throughout this period, and the relation- 
ship of this to the new virus which is synthesized so rapidly between 48 and 72 
hours requires elucidation. Until this has been done there would appear to be no 
good reasons for postulating virus disaggregation within the infected cells, “‘ silent 
periods ”’, “‘ eclipse phases ”’ or, indeed, any such concepts. 

It has been known, for example, since 1929 (Duran-Reynals and Murphy, 
1929) that chicken muscle strongly absorbs the agent and it might well be difficult, 
with egg inocula containing comparatively small quantities of agent, to differen- 
tiate such adsorbed, and inaccessible, virus from intracellular “‘eclipsed’’ virus. 

It is concluded, therefore, that the readily freed infective agent concentration 
in the chorioallantoic membrane is much reduced between 3 and 48 hours after 
inoculation. Further evidence as to the exact state and location of this virus is 
being sought. The experiments with possible antimetabolites will be continued 
partly from the point of view of virus chemotherapy, but more especially for the 
investigation of the early periods of virus synthesis. 


SUMMARY. 


The multiplication cycle of the Rous No. 1 sarcoma agent in the chorioallantoic 
membrane of the embryonated hen egg may be divided into four stages : 
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(1) 0-3 hours. Virus is taken-up into the membrane (possibly into the cells 
themselves), and in this way rendered inacessible to the neutralising action of 
antiserum. 

(2) 3-48 hours. In the first half of Stage (2) very little infective agent can be 
recovered from the membranes. By 48 hr., however, the whole of the quantity 
inoculated can be recovered. 

(3) 48-72 hours. Rapid synthesis, or liberation, of virus occurs parallel with 
the rapid development of ectodermal lesions. 

(4) 72-168 hours. The rate of virus synthesis appears to have decreased but 
the ectodermal lesions have become confluent and gross tumours have appeared. 


Attempts have been made to influence the course of virus synthesis by the 
use of nucleic acid antimetabolites such as 2 : 6-diaminopurine and 8-azaguanine 
(“ guanazolo ”’). 


This investigation has been supported by grants to the Royal Cancer Hospital 
and the Chester Beatty Research Institute from the British Empire Cancer 
Campaign, the Jane Coffin Childs Memorial Fund for Medical Research, the Anna 
Fuller Fund, and the National Cancer Institute of the National Institutes of Health, 
United States Public Health Service. 
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Wits the resurgence of interest in the viral theory of the etiology of cancer, 
1 good deal of attention has been given in recent years to the multiplication of 
riruses ; and in particular to that temporary phase occurring shortly after infec- 
tion, during which the virus is no longer demonstrable as an agent capable of 
)nfecting and producing pathological change when passaged to a second susceptible 
nost. This interval has been variously called the “ dark period,” the “ eclipse 
phase,” or the “masked stage,” and during it the virus has been thought to have 
vecome “inactive,” “ incomplete,’”’ “ toothless,’ or “ pro-virus.’’ In this paper 
she terms “ eclipse ” and “ pro-virus ” have been adopted. 

Most mammalian and many avian spontaneous tumours, and all chemically 
induced tumours, apparently do not contain a demonstrable virus. The increasing 
snowledge of the non-infective stage of viruses and phage has led some workers 
10 wonder whether virus may be present in a more or less permanent state of 
eclipse in all cancerous conditions, only rarely becoming demonstrable as an 
Snfectious agent after some form of stimulus whose nature is at present conjec- 
mural. With these facts in mind, it is thought that some observations on the 
‘eclipse phase” of the virus associated with a transmissible erythroleukaemia 
|of chickens may be of interest. 


MATERIALS AND METHODS. 


» The strain of erythroleukaemia used in this investigation was originally pro- 
vided by Professor Engelbreth-Holm of the University of Copenhagen, Denmark, 
und has been propagated continuously in young Brown Leghorn fowls at the 
»Poultry Research Centre for the past four years. Routine transmission is con- 
veniently effected by intravenous injection, using whole blood or plasma, diluted 
|/20 with sterile 6 per cent dextrose solution, which preserves both cells and virus 
activity very satisfactorily for several days when stored at 4° C. (C. le Q. Darcel, 
personal communication). Heparinization is rarely necessary when leukaemia 
blood is added to this diluent. The dose adopted was 1 ml. of the 1/20 dilution, 
sie. 0-05 ml. of whole blood or plasma, corresponding roughly to 50,000 Minimal 
Infective Doses. Tissue suspensions were prepared by grinding portions of the 
gans to be examined with 6 per cent dextrose solution in a TenBroeck tissue 
grinder, followed by light centrifuging to throw down the coarser fragments. The 
ssupernatant was then injected intravenously in 1 ml. doses. Difficulty was occa- 
sionally encountered when marrow suspensions were given intravenously, as the 
‘recipient birds convulsed and died suddenly probably as the result of a fat embolus 
in the brain. Plasma preparations were obtained from blood withdrawn into a 
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heparinized syringe, and spun for 30 minutes at 3000 r.p.m. in an M.S.E. Min: 
centrifuge. Blood or tissue preparations were only registered as non-infectiv: 
if the birds injected survived at least 4 weeks after testing. With this strain , 
leukaemia, using the above-mentioned dose in 6-week-old chickens, the averag 
survival time is between 10 and 18 days, according to whether whole blood « 
plasma is used. Each experiment consisted of 10 birds, 5 serving as controls fi 
the infectivity of the virus and one of these providing blood or tissue for testin 
after varying intervals on the remaining 5. 

The presence of leukaemia was confirmed by post-mortem examination of a 
birds dying during the experiment. No attempt at titration was made, as i 
was obvious that the doses given (c. 50,000 M.I.D.’s) were producing clear-cu 
results, and at this juncture it was felt that no useful purpose would be served b 
performing similar experiment; with serial dilutions. However, a rough estimat 


of the actual dilutions was obtained in the following manner. The birds used igp 


these experiments were all about 6 weeks old, and averaged 300 g. live weight 
Using the Evan’s blue (T. 1824) technique (Newell and Shaffner, 1950), and esti 
mating the disappearance of the dye against time, plasma samples were examine¢ 
in a Unicam spectro-photometer working at 6000A. By plotting back to zer¢ 
time the blood volume was estimated at about 20 ml. As the initial dilution o 
leukaemia blood was 1/20, blood removed and diluted from the control bird 
would represent a final dilution of 1/400 or approximately 125 M.I.D.’s would b 
injected into the test birds. However, as virus and cells disappear within ¢ 
short time of injection, these figures are probably only significant for blood with 
drawn from the controls during the first few minutes. 


EXPERIMENTAL AND RESULTS. 

A. Whole blood 

Diluted whole leukaemia blood was injected into groups of control birds and 
samples withdrawn from the opposite wing vein of one of these controls at differen 
intervals for each group. This blood was in turn diluted and injected intra 
venously into the test group in order to determine infectivity. The results ar 
given in Table I. Fraction numerators indicate the number of birds dying, an¢ 
denominators indicate the number of birds tested. 


TABLE I.—Determination of the Duration of the ““ Eclipse Phase,” following Infectio 


with Whole Blood. 
Experiment Time between injection Control Test 
number. and withdrawing of blood. group. group. 
1 1 minute 5/5 5/5 
2 10 minutes ‘ 4/5 > 3/5 
3 20 “ a 3/5 ‘ 5/5 
4 35 4/5 0/5 
5 1 hour 3/5 0/5 
6 2? hours 3/5 0/5 
7 7 5/5 0/5 
8 33 5/5 0/5 
9 64 5/5 0/5 
10 16; ,, F 4/5 0/5 
ll 5/5 4/5 
12 193 ,, ° 5/5 2/5 
13 5/5 5/5 
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| The results indicate that it takes about 30 minutes for infectivity to disappear 
/ after intravenous injection, that the eclipse phase lasts approximately 17 hours, 
and thereafter there is a return of infectivity lasting until death. In Experiment 
11 the birds in the test group survived for 4 weeks, but were then killed, when 
' their blood picture was found to be one of sub-acute leukaemia. 


Plasma 
| As the above experiments were conducted with whole blood, where both virus 


}and living malignant cells were injected, a second series of birds was tested with 
» plasma as the infective medium, with the results shown in Table II. 


Il.—The Duration of the Eclipse Phase,’ using Erythroleukaemia Plasma 


Experiment Time between injection and Control Test 
number. withdrawing blood (plasma). group. Group. 
10 minutes 4/5 3/5 
2 5/5 0/5 
3 7 hours . 5/5 ; 0/5 
4 4/5 0/5 
5 « 3/5 2/5 


Essentially the same results were therefore obtained when plasma alone was 
used for the first and second injections. 

The impossibility of transmitting infection during the eclipse phase when 
whole blood is used seems to indicate either (a) that the original leukaemia cells 
from the donor’s blood are filtered from the circulation of the recipient bird soon 
after injection and are retained, e.g. in the marrow or spleen, where by prolifera- 
| tion they give rise to homologously derived cells in addition to those autologous 
cells produced by the action of plasma virus on the recipients’ haemopoietic 
tissue; or (b) that the introduced homologous cells are destroyed and those which 
appear in the circulation 2 or 3 days before death are derived solely from the host. 
In order to ascertain which of these possibilities is true, blood films were examined 
at various intervals after injection of whole leukaemic blood. It was found that 
apparently viable leukaemia cells, as judged by their staining properties, were 
detectable at 20 minutes subsequent to their introduction, then rapidly decreased 
in number with signs of degeneration, until there were none to be found at 3 hours. 
At this latter period however, dark-ground illumination showed the presence of 
_ swarms of filaments, either free in the blood or attached to cells, and at 5 hours 
these in turn were no longer detectable. It seems probable that these filaments 
are produced by the disintegration of homologous blood cells shortly after their 
introduction into the circulation, and that the blood stream is quickly cleared of 
this debris. 


(. Liver, spleen and marrow. 

The fate of the virus during the eclipse phase still remains undetermined, but 
there appear to be three possibilities : (a) the virus may enter the hosts’ susceptible 
cells and the ncn-infective period of roughly 18 hours is occupied by a breakdown 

/of virus into pro-virus, which is replicated within the cell before recombining to 
form more infective virus ; (b) natural immune bodies in the serum of the host may 
temporarily neutralise the virus; or (c) the virus is rapidly taken up in an un- 
changed state by reticulo-endothelial cells with haemopoietic properties and is 


r 

i 
‘ 
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thus temporarily removed from the circulation. Experiments were therefo: 
designed to test some of these possibilities, and are detailed below. 

In order to find out whether the virus is fixed unchanged in the cells of th 
host, birds were killed during the eclipse period subsequent to receiving intr: 
venous injections of infective plasma in the usual dilution. Portions of liver 
spleen and marrow were then removed and ground up with 6 per cent dextros 
solution in a TenBroeck grinder. The resulting suspensions, after light centri 
fuging, showed no intact cells, and were injected intravenously into chicken 
with results shown in Table ITT. 


TaB_eE III.—The Infectivity of Tissues Rich in Reticulo-endothelium at Variou 
Intervals Subsequent to Infection with Erythroleukaemia Plasma. 


Time killed after 
Experiment injection. Material. 
number. Hours. 
Spleen 
1 ‘ 3 Femoral Marrow 
Liver 


Spleen 
Femoral Marrow 
Liver 
Spleen 
Femoral Marrow 


Liver 


blood or plasma was administered, and appear to rule out possibilities (b) and (c 


DISCUSSION. 


Certain results of this investigation are only partly in accord with previousl 
reported work. Crank and Furth (1931) claimed that homologous leukaemi 
blood cells injected intravenously into young chickens commence proliferatin, 
immediately, and if a large enough inoculum was given, the birds died from acut 
leukaemia in two days. This has not been the case in the present work, althoug 
probably not such large numbers of viable cells were injected as in Crank an¢ 
Furth’s experiments. It was found instead, that the introduced leukaemia cell: 
behaving like a foreign tissue, degenerate and are removed from the circulatior 
The same authors found that blood withdrawn from chickens 30 minutes afte 
injection was no longer infectious, which is in excellent agreement with the con 
mencement of the eclipse phase reported here. Rothe Meyer and Engelbretl 
Holm (1933), however, found the blood of injected chickens to be infectious u 
to 24 hours after injection, after which infectivity disappeared, reappearing 2-1 
days later. Similar results were reported by Rufilli (1938), and Storti and Brott 
(1938), both cited by Engelbreth-Holm (1942). These workers also claimed the 
the virus could be demonstrated continuously in the marrow from shortly afte 
injection to the time of death, although it could not be demonstrated so regular! 
in tissues other than marrow. 

Rothe Meyer and Engelbreth-Holm (1933) found that leukaemia cells appe: 
in the blood stream at the same time that the property of infectivity reappear: 
This has not been our experience, since the first indication of an abnormal ble 
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» picture is usually observed about 5 days before death, and consists of the appear- 
jance of a few cells resembling pro-monocytes. These are rapidly followed by 
' haemocytoblasts in increasing numbers until death of the bird. 

The following sequence of events is suggested following the introduction of 


® erythroleukaemia virus into susceptible chickens. For a brief period of about 


'30 minutes, infective virus in cells and plasma circulates in the blood stream. 


® At this point, all infective virus disappears, and blood and tissues rich in reticulo- 


> endothelium taken from the chicken during the eclipse phase, which lasts about 
| |7 hours, are not capable of infecting further chickens. After 18 hours, such tissues 
» are once again infective. A somewhat similar state of affairs to that outlined 
above has been demonstrated for the Rous I virus by Carr (1953). For the first 
| hour or so after injection of whole leukaemic blood, apparently viable cells can be 
| detected in the blood stream. These then degenerate and the protoplasmic fila- 
ments subsequently demonstrable may be derived from them. These filaments 
in turn are no longer detectable by about the fifth hour. This destruction of 
the homologous leukaemia cells explains why infection is not transferred simply 
by the injection of living malignant cells, independent of whether the virus is 
| inactive or not. In other words, the presence of infective virus at/the time of 
» injection is essential for the propagation of this and probably other strains of 
leukaemia. 
It has been frequently observed that spontaneous (“field ”) cases of erythro- 
leukaemia are not transmissible, even following the injection of massive doses of 
whole blood. The writer has found that chickens inoculated with such material 
© are not resistant to the virus-associated leukaemia under discussion, that is, they 
§ develop no immunity as the result of previous innoculation with the spontaneous 
| strain (unpublished data). Since a solid immunity can be easily demonstrated 
© in chickens which have survived an infective dose of virus-associated leukaemia, 
© and since such birds may suddenly die from acute leukaemia many months after 
| challenge, it seems reasonable to conclude that certain birds, possessing more 
| serum antibody than others, are able to resist infection to the extent that the virus 
is kept in a state of more or less indefinite eclipse, and that some, as yet unknown, 
factor which reduces the resistance of the bird may result, in uncontrolled prolifera- 
tion of the cells containing pro-virus. The presence of pro-virus might thus 
confer the property of potential malignancy. That neoplastic change does not 
depend on the transformation of pro-virus to complete or infective virus seems to 
| be indicated by the impossibility of demonstrating infective virus in cell-free 
preparations obtained from either field cases or those which have suddenly flared 
up in resistant laboratory fowls many months after challenge. 

Although leukaemia virus is formed intracellularly, it makes a rapid appearance 
in the plasma, possibly because of the high rate of cellular degeneration asso- 
ciated with the fragile undifferentiated cells in the circulation, and it does not seem 
improbable that the protoplasmic filaments already mentioned are one means of 

releasing free virus (Campbell 1952; Bather 1954). 
' Failure to detect infective virus in the 17-hour period of virus eclipse in marrow, 


spleen, and liver, all rich in reticulo-endothelial tissue with haemopoietic poten- 
tialities, eliminates the possibility of unchanged virus being held at these sites 
either in homologous retained cells or in those of the host. Also the hypothesis 
of natural serum antibody temporarily neutralizing the infective virus can prob- 
ably be dismissed, since it is usually accepted that antibody cannot reach intra- 


| 
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cellular virus. Therefore, although the plasma virus would be neutralized, tha 
within the cells should be demonstrable during the eclipse phase by injection o 
washed disintegrated cells. A preliminary test failed to demonstrate infectivit) 
under these conditions, and more recent experiments have confirmed this result 


SUMMARY AND CONCLUSIONS. 

When blood from a case of acute virus-associated erythroleukaemia is injecte: 
into the circulation of susceptible chickens it remains demonstrable by sub 
inoculation up to about 30 minutes. The virus then disappears, as do the homo 
logous leukaemia cells which degenerate, being replaced by streaming filamentou: 
structures visible in the blood with dark-ground illumination. 

Infectivity cannot be demonstrated by sub-inoculation of blood, plasma 
marrow, liver and spleen until about 18 hours later, when virus activity return: 
and lasts until the bird’s death from leukaemia 10—18 days after .injection. 

It is considered that the eclipse phase, during which pro-virus is not infectival 
in the pathological sense and therefore not demonstrable represents a form of life 
cycle in which, after penetration of susceptible haemopoietic cells, virus break: 
down into pro-viral units which are multiplied by replication. The pro-viru: 
is then re-formed as complete or infective virus which again becomes demonstrable 
at the termination of the eclipse phase, and although this cycle continues until 
the death of the host, after 18 hours sufficient complete virus has been elaborate: 
and, of course, continues to be formed, for the blood and tissues to be alway: 
thereafter infective. In addition, virus is liberated into the plasma by intra 
vascular and intramedullary cellular degeneration. Leukaemia cells do not over 
flow into the circulation from haemopoietic centres such as the marrow unti 
several days later. 

Most spontaneous leukaemias, although cytologically indistinguishable fron 
the laboratory strain, are not transferable by whole blood or tissue inocula, anc 
birds so injected do not subsequently possess any immunity against the virus 
associated leukaemia. It seems probable that these field cases are associatec 
with pro-virus in an indefinite state of eclipse. A point of essential difference 
seems to be the fact that the Rous sarcoma can be propagated in the virus-eclips¢ 
phase by transplantation, but leukaemia cells are not capable of propagation ir 
this manner, since they are destroyed upon introduction into the circulation. 


All expenses in connection with this work have been borne by the Britis! 
Empire Cancer Campaign. 
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SURVEY OF PAPERS 


IVERSEN, using published data on cancer mortality, shows that the assumption of a 
single-hit mechanism occurring in relation to normal growth rates gives an adequate interpre- 
tation of the curves. Some of the consequences of a one-hit hypothesis are discussed (p. 575). 


Tromp has studied the relationship between mineral content of drinking-water and 
average cancer mortalities for a number of municipalities in the Netherlands located on 
various soil units. He finds the SiO, content of the drinking-water is higher in regions with 
a high cancer death rate, with a reverse relationship for MgO and MnO (p. 585). 


Wywne GRIFFITH and Davies, using a revised method of comparison, confirm that an 
association between death from cancer of the stomach and residence on a particular soil 
group can be shown. They do not confirm a previously noted association between death from 
cancer of the breast and another soil group (p. 594). 


KREYBERG has studied the geographical incidence in Norway of the two main Groups of 
lung tumour. He finds that the group including adenocarcinoma, and adenoma is evenly 
distributed both geographically and in the two sexes. The other group, with its recent 
markedly increased incidence in males, he shows to be closely linked to the urban mode of 
life. Smoke and fumes from industry do not appear to be responsible for the increase in this 
type of lung cancer (p. 599). 


KREYBERG has analysed the occupations of a series of cases of primary epithelial lung 
tumours. He finds the increased incidence of certain types of tumour is more likely to be 
related to the males’ personal life habits than to a general or special exposure to smoke, 
fumes and dusts from industry, streets and motor vehicles (p. 605). 


BrvuzzoneE and Lipscuutz give an account of the occurrence of endometrial adenocar- 
cinoma in guinea-pigs subjected to ovarian fragmentation or subtotal castration 2 to 4 years 
previously. The changes in the fragment of ovary left showed that an ovarian-hypophyseal 
imbalance had resulted. Various other tumours found in the animals are also described 
(p. 613). 


HornineG finds that stilboestrol-induced renal carcinomas arise more rapidly in the re- 
maining kidney of hamsters previously subjected to unilateral nephrectomy than in normal 
_ animals. He discusses the hormonal factors determining successful transplantation of these 

tumours (p. 627). 


HowELL, MARCHANT and ORR give an account of the ovarian tumours found in 53 out of 
88 virgin female mice treated at fortnightly intervals with dimethyl benzanthracene. The 


tumours, which all appear to be of granulosa-cell origin, may be transplantable into intact 
females as well as males and castrated females (p. 635). 


BoyLanpD, Harris and Hornine find that tumours of the urinary bladder develop in 
rats dosed with acetamidofluorene if the protein in their diet is replaced by an acid casein 
nydrolysate and 2 per cent dl-tryptophan (p. 647). 


MILLER and Pysvus find that the incidence of spontaneous mammary carcinoma is in- 
reased by hybridization between the two low-incidence inbred strains of mice, CBA and 
NBT ; and that a subcutaneous injection of 1 mg. methycholanthrene per mouse raises the 
necidence and lowers the age of mammary carcinoma in both groups of reciprocal hybrids 
ver 10 generations of inbreeding (p. 655). 


(i) 


Ror and SaLaMAN find that in the range studied the relative power of different doses o 
urethane to initiate carcinogenesis in mouse skin is proportional to the dose used. They also 
find that altering the spacing of applications or the solvent used does not alter the initiating) 
activity of 180 mg. urethane. The initiating effect persists for at least 24 weeks, though 
with some apparent diminution (p. 666). 


BoyLanpD and KoLuer give an account of the abnormalities produced by urethane in th 
dividing cells of the Walker rat carcinoma. Simultaneous administration of thymine reduces 
the frequency of abnormal mitoses and it is suggested that urethane may interfere with 
thymine synthesis in the cell by inhibiting transmethylation reactions (p. 677). 


BELLAIRS gives an account of the effects of treatment of chick and amphibian embryo 
during gastrulation with a mitotic inhibitor. The most frequent resulting morphologica 
anomaly is that the neural folds fail to close in the region of the presumptive hind brair 
(p. 685). 


Scorr finds that when yeast extract or synthetic Vitamin B mixture or aneurine hydro 
chloride is added to the diet of rats their skin can become resistant to the irritating effect 
of dimethylbenzanthracene (p. 693). 


Arcus and Hewson have investigated the distribution of various sulfur labeled derivative: 
of fluorene in the tissues of tumor-bearing mice at intervals after single injections. Th 
synthesis of these compounds is described and their possible value in tumor localisation i 
discussed (p. 698). 


JULL gives an account of the variations in the latent period of a transplanted interstiti 
cell carcinoma of the mouse testis resulting from the administration of various oestrogen 
and of testosterone to the normal or castrated recipient mice (p. 704). 


Catcutr and Payne have re-examined the metabolism of 3 : 4 benzpyrene in rats an 
find that the final excretion products are 8-derivatives. They can demonstrate no speci 
differences in the metabolism of this hydrocarbon (p. 710). 


Harris finds that where homogenates of chick embryo, Rous No. 1 sarcoma, C.T. 1 
sarcoma and nonfilterable G.R.C.H. 15 sarcoma are separated by differential centrifugatio 
into cytoplasmic fractions composed of large granules, small granules and supernatant, eac 
fraction possesses acid and alkaline phosphomonoesterase activity (p. 714). 


Harris demonstrates that the Rous agent can be separated from its associated alkalit 
phosphatase but not from its acid phosphatase (p. 722). 


Harris describes events following the injection of the chorioallantoic membrane wit 
Rous No. 1 sarcoma agent. Namely, a three hour period of virus uptake by the membran 
a two day period when little virus can be recovered from the membrane, a period of rap 
virus multiplication, accompanied by the appearance of ectodermal lesions, lasting one da 
and a period of declining virus synthesis when the lesions become confluent and tumou 


appear (p. 731). 
CAMPBELL shows that the blood, plasma, liver, spleen and bone marrow of fowl i 


travenously injected with cells or agent of a strain of erythroleukaemia fail to transmit tl 
disease to other fowl when removed between half an hour and seventeen hours: after injecti: 


(p. 737). 
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